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INTRODUCTION 
The fescue grasslands are a very important source of forage for 
domestic livestock in western Montaija. These ranges are found within 
the broader Palouse Prairie association and are characterized by a single 
dominant species. This species, rough fescue (Festuca scabrella Torr.), 
is highly nutritious and provides good forage yields. Many ranchers de­
pend upon these ranges for at least part of their income. When these 
ranges are mismanaged productivity is lowered and the stockman suffers 
through loss in grazing capacity. 
Since settlement and the use of these grasslands by domestic live­
stock, the vegetation has changed depending upon the kind of livestock 
pastured and the intensity of grazing the vegetation received. One can 
readily perceive pastures of varying vegetation composition on traveling 
through western Montana. This variation is definitely associated with 
the history of use lay livestock rather than differences in soil type, 
topography, or other naturally occurring environmental factor. 
Range technicians segregate pastures or ranges representing differ­
ent degrees of depletion into four or five condition classes for each 
site. These separations are based on differences in vegetation and soil 
characteristics such as botanical composition, density, vigor of the im­
portant forage species, amount of litter coverage, current erosion, and 
soil stability. 
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Range condition studies serve to more fully inform the rancher of 
the existence of the various degrees of range depletion and lead to a 
better understanding of the physical, biological, and economic character­
istics of the condition classes. The information obtained from these 
investigations also permits the development of guidelines for the proper 
management of the range. 
Very few studies of range condition have been conducted in the 
Palouse Prairie association and none specifically concern the fescue 
grasslands of western Montana. The purpose of this study is to obtain 
ecological and economic information which can be used as guides to 
assist land administrators and stockmen in the proper management of these 
ranges. In particular, the objectives are to evaluate the effect of 
different degrees of livestock grazing, represented by three range con­
ditions, on forage values and soil behavior at a certain site in the 
fescue grasslands. 
The area selected for study possesses certain characteristics which 
makes it suitable for this purpose. Three contiguous ranges in excel­
lent, fair, and poor range condition are located on an upland site with 
similar soil, aspect, and slope. These ranges are found in Section 2k ,  
Township 7 North, Range 14 West, of Granite County, Montana, at the 
edge of the town of Philipsburg. 
REVIEW OF LITERATURE 
Concepts of Range Condition 
Numerous research studies have been conducted to determine the ef­
fects of grazing on rangeland vegetation and soils. In general, it has 
been found that marked changes occur in the composition, density of cer­
tain species, and vigor of some plants with excessive grazing. Soil 
changes are commonly associated with vegetation deterioration. These 
modifications to the cover and soil have engendered several concepts and 
criteria for the interpretation of community behavior resulting from 
grazing. 
The use of ecological principles has been fundamental in the forma­
tion of range condition criteria. Sampson (1919), in the wheatgrass 
(Agropyron spp.) association of Utah, found that the abundance of parti­
cular plants in the community indicated a stage of plant succession, 
which in turn reflected the degree of grazing use. Parker (195*0 points 
out that these stages of succession are closely related to present-day 
range condition classes. The use of plants as indicators of grazing re­
ceived comprehensive treatment by Clements (1920, 1928). 
To facilitate comparison of the effects of different systems of 
grazing on western wheatgrass ranges of Colorado, Hanson, Love, and Morris 
(1931), grouped plants into three classes on the basis of their grazing 
value for cattle: (l) desirable, (2) undesirable, and (3) immaterial. 
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Daubenmire (1940) made a statistical comparison of climatic climax, 
early retrogressive, late retrogressive, and biotic climax Agropyron-
bunchgrass ranges in the southeastern part of Washington. The frequency 
of occurrence was used to separate plants into (l). decreasers, (2) in-
creasers, (3) those characteristic of intermediate stages, and (4) those 
scarcely affected by grazing. Later that same year, Smith (1940), in 
Oklahoma, grouped mixed prairie species according to the degree of range 
deterioration and recognized four groups under moderate grazing. These 
groups are similar to Daubenmire's, but include invaders in place of 
species characteristic of intermediate stages. Similarly, Weaver and 
Hanson (1941), in the true prairie of Nebraska placed the most abundant 
and important species into three groups according to the manner in which 
they responded to grazing: (l) those which decrease, (2) those which 
increase, and (3) those which invade. A more explicit treatment of the 
concept has been given in a subsequent publication by Weaver and Darland 
(1948). They state "..the condition of any native pasture may be deter­
mined by examining (l) the prairie grasses that decrease under grazing.., 
(2) the forbs that decrease under grazing, (3) the grasses that increase 
under grazing..., and (4) the forbs that increase under grazing; that is 
they become native weeds. If the pasture is badly overgrazed a group of 
invading species enters as (5) introduced weedy grasses and weedy forbs." 
Dyksterhuis (1948) incorporated the ecological classification of 
species, as described by Weaver and Hanson (1941), into a quantitative 
system by applying percentages of cover to each. He termed them 
"decreasers", "increasers", and "invaders". The concept was illustrated 
graphically (Dyksterhuis, 19^+9)• 
Humphrey (19^5) emphasized that range condition classes are basi­
cally site classifications in terms of the present production as compared 
to the ultimate potential production under the best practicable manage­
ment. He also described a method of evaluating range condition on the 
basis of differences in the productive potential of similar vegetative 
types and sites (Humphrey, 1947). Later, ranges were classified accord­
ing to the potential production concept with consideration for the class 
of stock utilizing the range (Humphrey, 19^9)• 
Parker and Woodhead (1944) introduced a scorecard method to rate 
the condition of perennial grasslands. The classification is based on 
numerical values empirically assigned to health and vigor, density, com­
position, the overall grazing value, and soil, successional, and animal 
indicators. 
In the annual grasslands of California a system for rating condi­
tion was developed, based on the preferences of livestock for certain 
species composing the cover regardless of their successional sequence 
(Sampson, 1952, p. 372). 
More recently, Arnold (1955) classified ranges by comparing the 
densities of plants of superior and inferior life forms on grazed ranges 
to those of remnent climax communities. The method requires the con­
struction of a locally adaptable life form classification. 
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Effect of Grazing on Vegetation 
There have been several studies of the effects of grazing in the 
area encompassed by the Palouse Prairie grasslands. These investiga­
tions have been primarily concerned with the differences between grazed 
and protected ranges and have not separated the ranges into condition 
classes. 
Overgrazing has been shown to alter the plant community. Moss and 
Campbell (19^7) in the fescue grasslands of Alberta found Festuca scab­
rella Torr. to be predominant. Under moderate grazing Agiopyron trachy-
caulum var. unilaterale (Cassidy) Malte succeeds Festuca scabrella on the 
better sites, but Koeleria cristata (L.) Pers., Stipa spp., Festuca 
idahoensis Elmer, and other species become more abundant on the drier 
sites. Heavy grazing reduces or eliminates Festuca scabrella, allowing 
Carex eleocharis Bailey on some sites and Carex spp., Artemisia frigida 
Willd., and Antennaria spp. on other sites to increase. Similar studies 
by Daubenmire (19^0) and Young (19^3) in southeastern Washington, Tisdale 
(1947) in southern British Columbia, and Wright and Wright (1948) and 
Britton (1955) in south central and southwestern Montana, report that the 
dominant species (l) Agropyron spicatum (Pursh.) Scribn. and Smith, (2) 
Festuca idahoensis, or (3) Festuca scabrella are reduced by grazing and 
are gradually replaced by less desirable species. Evanko and Peterson 
(1955) compared five grazed-protected ranges in southwestern Montana. 
They found that Festuca idahoensis and to a lesser extent, Agropyron 
spicatum, were reduced by grazing only when the species were clearly 
dominant in the stand. 
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Certain other species were found to be variable in their response 
to grazing. Britton (1955)> Evanko and Peterson (1955)> and Wright and 
Wright (1948) found that Poa secunda Presl., a secondary species in the 
climax vegetation, was more abundant in ranges protected from cattle. 
Daubenmire (1940) reports that on spring-fall sheep range the same 
speeies was scarcely affected by grazing. Achillea lanulosa Nutt. in­
creased in the moist fescue type studied by Young (19^3) and decreased 
in the dry Agropyron type studied by Daubenmire (1940). Evanko and 
Peterson (1955) found Achillea lanulosa to be more abundant on some 
grazed sites, but also abundant on some protected sites. 
Leaf heights, basal area per clump, and herbage yield per plant per 
square centimeter for Agropyron spicatum, Festuca idahoensis, Agropyron 
dasystachyun (Hook.) Scribn., and Calamagrostis montanensis Scribn. were 
greatest on protected range with one exception. The calculated yields 
for most species were also greatest on the protected ranges in most 
cases (Evanko and Peterson, 1955)* 
Nielson (1940) found on the bunchgrass ranges of southeastern Wash­
ington that growth on moderately-used pastures starts 10 days to 2 weeks 
earlier than on pastures overgrazed the previous spring. 
The following investigations show the effects of grazing on the 
vegetation of other plant association which are pertinent to this study. 
numerous studies have found the process of range degeneration to 
follow the pattern of decreasers, increasers, and invaders. In the True 
Prairie this was found by Weaver and Hanson (1941), Darland and Weaver 
(1945), Dyksterhuis (1946), Weaver and Darland (1948), Dyksterhuis (1948), 
Voigt and Weaver (l95l)> and Launchbaugh (1955)' Studies by Brinegar 
and Keira (19^2), Allred (19^5), and Branson and Weaver (1953), in the 
Mixed Prairie also revealed a similar pattern. 
Klemmedson (1956), in the high mountain park type of Colorado, and 
Goebel and Cook (i960), in the southern Utah deserts, found that the 
composition of the more desirable forage species decreased with poorer 
range condition, whereas the less desirable forage species increased. 
The total density of plants in the high mountain parks decreased 
with corresponding deterioration in range condition (Klemmedson, 1956). 
Tomanek and Albertson (1953); in the Mixed Prairie, found on the other 
hand, that the total basal cover increased with an increase in grazing 
pressure. Voigt and Weaver (1951) studying range condition in midwestern 
pastures found the per cent basal area to increase from excellent to 
fair condition, with a sharp decrease from fair to poor range condition. 
In a comparison of moderately grazed and virgin tall grass prairie pas­
tures, Kelting (195^0 > found a similarity in cover, but with species 
differences. 
Lodge (195*+) in the Mixed Prairie of southwestern Saskatchewan found 
the total forage yields to be lower, at all sites, for grazed than for 
ungrazed treatments. In poor and good condition range, Goebel and Cook 
(i960), found the proportion of good, fair, and poor species to be di­
rectly related to the range condition. Good forage species produced the 
least amount of herbage in poor range and the greatest yield in the good 
treatment. In contrast Kelting (195^) found that moderately grazed range 
produced greater forage yields than ungrazed prairie during the spring 
and summer, but the fall yields were less. It was suggested that 
moderate grazing increases the amount of forage in the Tall Grass 
Prairie. 
Effects of Grazing on Soils 
The process of range deterioration includes soil changes resulting 
from overgrazing. The magnitude of soil degeneration apparently depends 
upon the susceptibility of the particular site to erosion. Young (19^-3) > 
in southeastern Washington, has shown that soil deterioration is not di­
rectly related to vegetation destruction unless erosion accompanies the 
process. 
Extensive studies conducted by Daubenmire and Colwell (1942), in the 
Agropyron-Poa prairie of southeastern Washington, have revealed that 
overgrazing directly or indirectly influences certain water and soil 
properties. They found with overgrazing there is (l) an increase in the 
amount of water accumulated in the soil during the winter, (2) a decrease 
in aeration of the soil, (3) a reduction in the ability of the soil sur­
face to absorb water, (4) a reduction in the degree of aggregation of 
soil particles, (5) an increase in the amount of organic matter in the 
upper decimeter of soil, (6) an increase in the population of bacteria, 
actinomycetes, and molds in the upper decimeter horizon, (7) an increase 
in the nitrification power of the microflora, and (8) a decrease in 
available phosphorus. 
Tebbe et. al. (19^-7) > in the shortgrass plains, Klemmedson (1956), 
and Goebel and Cook (i960), found organic matter contents to be higher 
in better condition ranges than poorer condition ranges. Lodge (1954) 
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found little difference in the organic matter content between grazed and 
ungrazed range. Kelting (195*0 > in contrast, found the organic matter 
content to be higher in a moderately grazed tall grass range compared to 
a relic area. 
Lodge (195*0 also found that total nitrogen and pH were not signifi­
cantly different between grazed and ungrazed range. Available phosphorus 
was found to be more available on grazed than on ungrazed sites within 
the 0- to 4-inch horizon, but was modified by moisture conditions. On 
one site where there was more favorable moisture conditions, the phosphorus 
content was reduced under grazing. 
Increases in the volume weights of soil with poorer range conditions 
were found by Lodge (195*0 > Klemmedson (1956), and Goebel and Cook (i960). 
Accompanying the increased volume weights were reductions in the infil­
tration rate. 
Grazing was found by Lodge (195*0 and Klemmedson (1956) to reduce 
the water holding capacity of the soil. The latter investigator found 
"Soils from good condition ranges retained more water at all tensions 
applied and hence were higher in percentage of both large and small non-
capillary pore space than soils from fair and poor condition ranges". 
Apparently soils in good condition ranges were more aggregated than 
those of the poorer conditions. 
Differences in the soil moisture content of grazed and ungrazed 
mixed prairie sites were found to be significant (Lodge, 195*0 • The un­
grazed ranges had higher percentages of moisture for the June sampling 
date. 
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These studies show that the effects of grazing on the vegetation 
and soils are extremely varied. The response to grazing depends on 
numerous factors of which the kind of vegetation and site differences 
are apparently the most important. 
DESCRIPTION OF THE STUDY AREA 
The area selected for study is located approximately one-quarter 
mile north of Philipsburg, Montana, in Section 2k, T. 7 N., R. 14 W. 
Three native range areas, immediately adjacent, having similar soil, as­
pect, and slope were classified into excellent, fair, and poor condition. 
These areas were classified by Professor Melvin S. Morris, Montana State 
University, Mr. Wilfred Dufour, Soil Conservation Service at Philipsburg, 
and Mr. Robert B. Murray, Jr., Montana State University, in accordance 
with Soil Conservation Service instructions (USDA-SCS, 1959)' 
The past grazing history is sketchy and largely unknown. Informa­
tion obtained from Mr. Winninghoff, a former rancher and former owner of 
one of the ranges, is incomplete. The poor pasture has been under the 
same ownership for the past eight to ten years. Previously, horses 
grazed the area, but now sheep, cattle, and horses use the pasture nearly 
yearlong. At least for short periods during the spring and summer, the 
majority of the livestock are removed and graze adjacent range. 
No information is available concerning the present fair condition 
range other than it has apparently retrogressed from the good condition 
of 1955- The former fair condition range has had a history of plowing 
and is not being used in the study for this reason. 
The cemetery, representing the excellent condition range, has had 
little or no known intentional grazing. Occasionally a few stock have 
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obtained access, but have not extensively grazed on the portion studied. 
The cemetery has been subject to periodic burning. In 1958, one of the 
control burns escaped and burned across all of the pastures. This may 
account for the low litter yields and for some of the other results 
obtained. 
Photographs taken in 1955 hy B. C. McLean, Soil Conservation Ser­
vice, indicate that the now fair condition range was in good condition 
in 1955? while the others have not changed. Figures 1, 2, and 3 show 
the general position and closeup views of each of these pastures in 1955' 
The climax vegetation of the surrounding area may be classified as 
Palouse Prairie (Weaver and Clements, 1938). Morris (19^5) has sub­
divided the Palouse Prairie in western Montana into two distinct asso­
ciations based primarily upon species differences. These associations 
are the (l) subhumid association (Festuca-Agropyron) and the (2) semi-
arid association (Agropyron-Poa). The ranges in the study area are re­
lated to the subhumid association. 
The vegetation of the excellent pasture may be considered as either 
a consociation, with Festuca scabrella as the single dominant, or as a 
disclimax of the Palouse Prairie due to the absence of Agropyron spicatum 
and Festuca idahoensis in the vegetation. A list of the plant species 
found on the excellent, fair, and poor ranges are given in Appendix I. 
It is not known whether Agropyron spicatum and Festuca idahoensis 
were formerly a part of the vegetation at the study area. The occurrence 
of the latter species in the nearby swales indicates that the study area 
has either been subject to a history of differential grazing, which has 
-1k-
Figure 1. A general view of the four ranges as they appeared in July., 
1955 • The range in the foreground excellent condition class0 
The range in middle background good condition class. The 
range in left background fair condition class„ The range to 
the right poor condition class. Photograph by B. C0 McLean, 
Soil Conservation Service. 
Figure 2. A close up view of the excellent condition range (top photo) 
and good condition range (bottom photo) in July, 1955- Photo­
graphs by Bo C* McLean, Soil Conservation Service. 
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Figure 3« A close up view of the poor condition range in July, 1955-
Photographs by B.C. McLean, Soil Conservation Service. 
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selectively removed the species, or its presence in the lowlands signi­
fies an edaphic condition favorable to its growth. 
The soil of the study area has been classified as minimal chernozem 
developing from limestone and quartzite gravels, with a few phosphoric 
limestones, of Tertiary age. A description of the soil mapping unit and 
soil are included in Appendixes.ill and III. Physiographically the study 
area is located on a Piedmont fan or terrace facing to the southwest. 
Weather data recorded at the Philipsburg Ranger Station shows a 
5^-year precipitation average of 15.26 inches and a mean annual tempera­
ture of ^0.4° Fahrenheit. The highest and lowest annual precipitation 
reported for the period from 1931-1952 inclusive is 20.82 and 8.36 inches, 
respectively. The month of June generally receives the most precipita­
tion during the year, while January receives the least amount. The mean 
annual snowfall is 69-3 inches. Some snowfall is recorded in every 
month except July and August, however, in the latter month snowfall is 
in trace amounts. Temperatures range from a high of 99° P. to a low of 
•40* F. f "but the mean maximum is 5% *6° F. and the mean minimum is 26.2° 
F. Table 1 shows the precipitation recorded during three seasonal 
periods of 1959-60 and 1960-61, at the Philipsburg Ranger Station, 
Montana. This •weather station is approximately one and one-half miles 
south of the study area and should reflect the character of the precipi­
tation at the study area. Precipitation data, by months, for the entire 
period, September, 1959* through June, 1961, is compared graphically in 
Figure 
The amount of precipitation during i960 was considerably below 
average. The precipitation deficit for the year was 6.4% inches of 
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which k2 per cent of the decrease occurred during the period April 
to June. 
The precipitation pattern was unusual in that the year was marked 
by less than average amounts of precipitation in all months, except April, 
which showed a slight increase, and August, which increased 118 per cent 
over normal. The fall precipitation of 1959 was above normal while the 
fall of i960 was considerably below normal. 
Table 1. Precipitation recorded during the Fall and Winter, Spring, and 
Summer, 1959-60 and 1960-61, at Philipsburg Ranger Station, Montana. 
Period Precipitation Departure from Average 
1959-60 
September to March 
March to July 
July to September 
TOTAL 
Inches 
6.20 
3-9% 
12.73 
L Inches 
/0.53 
-3-37 
/0-31 
-2.53 
1960-61 
September to March 
March to July 
TOTAL 
1.99 
6.23 
8.22 
-3.58 
-1.08 
-k.66 
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Figure It. Comparison of precipitation data, September 1959 through June 1961, with the $h year 
record, Philipsburg Ranger Station. Montana. 
METHODS AND PROCEDURES 
The response of the -vegetation and soils to the effects of grazing 
were evaluated in terms of botanical composition and coverage, herbage 
yields, litter production, seasonal plant development, plant vigor; soil 
condition as indicated by compaction tests; bulk density and penetration; 
organic matter, soil moisture, soil texture, and soil nutrients; and sur­
face water behavior as represented by the infiltration rate. 
The present range condition of the three study areas are pictorially 
illustrated in Figures 6, and J. 
Numerous field techniques and laboratory procedures were used to de­
termine the response of the vegetation and soils to the effects of 
grazing. In studying the three different conditions, a specific method 
was applied similarly in each area to yield comparable data. Generally, 
all plots and lines were located randomly within the areas by means of 
random numbers. Occasionally, systematic location was necessary to avoid 
large mounds formed by former badger activity. These mounds are not con­
sidered as being representative of the surrounding vegetation and soil 
condition and thus were excluded from study. 
The field sampling was accomplished during the spring and summer of 
i960 and 1961 at periods pertinent to the phase being studied. The 
laboratory determinations were conducted as soon as possible after field 
sampling, with the exception of the chemical analyses, which were per­
formed during the winter, spring, and summer of 1961. 
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Figure 5. Close up view of the excellent condition range in 1961. 
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Figure 6. A close up view of the fair condition range in 1961. 
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Figure 7. A close up view of the poor condition range in 1961. 
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Portions of the fair and poor ranges were fenced in late March, i960, 
to exclude subsequent livestock use. The excellent range, a corner of 
the Philipsburg cemetery, was not fenced since the area is ordinarily 
free from livestock grazing. The fenced portions used for the study are 
approximately 150 feet by 300 feet, while the studied portion of the ex­
cellent range is slightly larger. 
Vegetation Studies 
Botanical Composition and Coverage. The differences in vegetative com­
position and coverage between conditions were determined by the line in­
tercept method (Canfield, 1950). Five 100-foot lines were randomly 
located in each area in late June and early July, i960. The intercept 
of the live or current year's growth was recorded to the nearest l/lOOth 
foot.1 
In order to obtain a more reliable estimate of the indicator value of 
certain species, six additional 100-foot lines were located. Intercept 
data were obtained for Festuca scabrella, Koeleria cristata, Poa secunda, 
Stipa comata, Carex filifolia, Achillea lanulosa, and Artemisia frigida. 
The results from all transects are expressed in percentage composition 
and feet per 100-foot coverage. 
The species intercepted were collected for identification. Additional 
collections were made in i960 and 1961 for those species not encountered 
1 A distinction is made between the live growth (tillers) and the 
live or dead crown material of Festuca scabrella. For this species, only 
the live growth was recorded, because of the difficulties in determining 
the actual plant boundary in degraded specimens. 
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on the line intercept. This information was used to develop the species 
list in Appendix I. 
Shrub Density. Although the shrub cover was noticeable to the eye, the 
line intercept method did not sample this life form adequately. It 
appeared to give results which were too low in relation to the visual 
estimate. To determine the relationship of the shrub cover to range 
condition sixty 10- by 10-foot quadrats were located in each pasture. 
The number of plants of each half-shrub species; Tetradymia canescens, 
Chrysothamnus viscidiflorus, Artemisia frigida, Gutierrezia sarothrae, 
and Rosa arkansana, were recorded. 
Herbage and Litter Yields. Early in the spring of i960 twenty 1- by 5-
foot quadrats were randomly located in each pasture. Ten to twenty of 
these plots were clipped to one-inch height, in August, after carefully 
removing the litter material. Three species, Festuca scabrella, Koeleria 
cristata, and Poa secunda, were clipped and weighed separately. The 
other species were separated and grouped according to whether they were 
grass increasers, grass invaders, forb decreasers and increasers, and 
forb invaders. Shrubby vegetation was excluded. All vegetation and 
litter was air-dried for one month and weighed. These measurements were 
repeated in late July, 1961, but with the following exceptions in the 
procedure. Shrubs were included in the sampling and the period of air-
drying was shortened to one week. The samples were placed in a green­
house, where the temperature is frequently in excess of 100° F. during 
the day, to speed the drying process. 
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Plant Vigor. The vigor of two species, Festuca scabrella and Poa secunda, 
was studied by means of a series of leaf height measurements in i960 and 
1961. The height was measured from ground level to the tallest green 
leaf when the bunch was compressed together. 
When the leaves of Poa secunda completed growth and began turning 
brown, the height to the top of the seedstalk was measured. 
Additional measurements on seedstalk height and the number of plants 
producing seedstalks were determined for Festuca scabrella during i960. 
The stage of plant development was recorded for all major species 
periodically during the spring of 1961. These observations consisted of 
determining the average stage of growth for at least 10 plants randomly 
chosen in each pasture. 
Plant Moisture. Five sampling points were randomly located in each pas­
ture. At each point ten Festuca scabrella plants were clipped first at 
k inches and then at 1 inch above ground level. The clipped leaf material 
from each height was kept separate. Polyethylene bags were used to retain 
the moisture until the samples could be weighed later that evening. 
These samples were weighed, oven-dried at 105° C. for 2k hours, and re-
weighed. The per cent moisture was calculated on an oven-dry basis. The 
plants were clipped in late July, 1961. 
Soil and Water Behavior Studies 
Soil Compaction 
Bulk Density. On each condition area metal soil tubes, 1.5 inches 
in diameter and 2 inches long, were driven into the soil to obtain soil 
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eores. Ten sets of soil cores were extracted from the 0-2, 2-4, 4-6, 
and 6-8 inch horizons. These samples were sealed in polyethylene bags 
and weighed immediately, subsequently oven-dried at 105° C. for 2k hours 
and reweighed. These cores were obtained in late May, i960. 
A second group of ten cores were extracted from the surface 2 inches 
in each pasture in early April, 1961. 
Penetration. A second method of measuring soil compaction was made 
by the use of a soil penetrometer. The resistance to penetration by the 
rod into the soil measures the degree of soil compaction. The apparatus 
was designed with modifications after that of Flocker (1959)' A 5-75-
pound steel weight was dropped 18 inches onto a steel plate which was 
welded to a sharp-pointed steel rod. The distance the rod penetrated 
the soil was recorded to the nearest millimeter. Two hundred and eighty 
measurements per pasture, including a poor-grazed area immediately out­
side the fenced poor-ungrazed range, were recorded in late August, i960. 
Soil Moisture. Periodic measurements were made in i960 and 1961 to de­
termine the variation in soil moisture under different range conditions. 
Samples were collected from nine horizons intervals: 0-2, 2-k, k-6, 6-8, 
8-12, 12-16, l6-20, 20-24, and 24-28 inches, from two or three pits per 
pasture. These samples were sealed in ari-tight soil cans, weighed, 
oven-dried at 105° C. for 2k hours, and reweighed. The per cent moisture 
was calculated on an oven-dry basis. 
Porous plate and pressure membrane equipment was used to determine 
the field capacity and wilting percentage of soils from the nine horizons 
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sampled for soil moisture. The soils collected from the soil moisture 
study were composited and screened through a 2-millimeter sieve. The 
porous plate apparatus operated under one-third atmosphere of pressure 
for 24 hours approximates the moisture retained in the soil at field 
capacity (Colman, 19^7)• The pressure membrane apparatus operated under 
15 atmospheres .of pressure for 48 hours approximates the wilting percent­
age (Richards, 194-7). 
Infiltration Rate. Metal cylinders, six inches in diameter, were used 
to test the difference in the ability of the soil to absorb water in 
each of the three condition areas. After careful placement at a sample 
point six successive increments of 6l8 cubic centimeters of water (approx­
imates a 2-inch depth) were added. When the preceding increment reached 
the soil surface the next volume of water was added. The rings were 
covered to reduce evaporation. The time for each increment to be ab­
sorbed was recorded. Ten sample points were used in each pasture. The 
measurements were made in September, i960. 
Soil Temperature. During early May, i960, soil temperatures were re­
corded in each pasture at three locations. These measurements were 
taken at 2-, 4-, and 6-inch depths. A standard glass mercury thermo­
meter in the Fahrenheit scale was used. The recordings were made during 
a 2-hour period in midmorning, in conjunction with the soil moisture 
sampling. 
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Collection of Soil Samples for Chemical and Other Laboratory Analyses. 
Initially, soil samples were collected from eight widely separated 
points in each pasture during i960. Samples at each location were taken 
from the 0-2 and 2-k inch horizons. These samples were used to deter­
mine organic matter, soil reaction, and the exchangeable sodium and 
potassium. 
From the results of these tests it was suspected that more samples 
were needed. During the spring of 1961, collection was made from ten 
additional locations. At each location five individual samples were com­
posited from the surface 2 inches in each treatment area. Subsequent 
chemical analyses were performed on these samples. 
In obtaining all samples care was exercised to remove the surface 
vegetation and litter. 
Laboratory Analyses. A number of laboratory analyses were made on the 
soil samples. These tests, the horizons analyzed, and the methods em­
ployed follows 
(1) Textural analysis 0-2" Bouyoucos (1937) 
(2) Organic carbon 0-2", 2-k" Walkley-Black (Jackson, 1958) 
(3) Soil reaction 0-2", 2-k" Beckman pH meter 1:5 soil-water 
(Jackson, 1958) 
(4) Total nitrogen 0-2" Kjeldahl (Russel, 1958) 
(5) Available phosphorus 0-2" Bray 1:7 soil-soil extract 
(Jackson, 1958) 
(6) Exchangeable cations 
(a) Sodium 0-2", 2-k" Perkin-Elmer flame photometer 
(Jackson, 1958) 
(b) Potassium 0-2", 2-k" Perkin-Elmer flame photometer 
(Jackson, 1958) 
FIELD AND LABORATORY RESULTS 
The study area, because of its relative uniformity in slope, ex­
posure, and soil character appeared to provide an excellent opportunity 
for a comprehensive analysis of vegetation and soil behavior in response 
to varying degrees of grazing use. The cemetery area has a history of 
very limited disturbance. The two pastures differed in grazing use so as 
to appear quite different in vegetation character. The soil texture of 
the general area is such that it is possible to measure certain soil 
characteristics not easily studied in most ranges. The results of the 
various phases of the study follow. Vegetation effects Are first pre­
sented followed by soil conditions and hydrologieal considerations. 
Response of the Vegetation to Varying Degrees of Grazing Use 
Botanical Composition and Coverage. In late June and early July, i960, 
vegetation differences between ranges previously rated in excellent, 
fair, and poor conditions were determined by analysis of the species 
composition and coverage. Table 2 shows the results of the composition 
and coverage analysis. Figure 8 graphically compares the absolute 
coverage of grasses, forbs, and half-shrubs as determined by the line 
intercept method. 
The total grass composition of the excellent range was nearly twice 
that of the fair range and approximately three times that of the poor 
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Forbs 
Figure 8. Ccsnparlson of the absolute coverage of grasses, forbs, and 
half-shrubs in excellent, fair, and poor range condition 
as deteiudned by the line intercept method. Based on 100 
feet of sample line. June-July, I960. 
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range. The total forb composition, on the other hand, was greater in 
the fair and poor treatments than, in the excellent unit. The forbs com­
prised 37.^2, 62.01, and 70.06 per cent of the total composition in the 
excellent, fair, and poor ranges, respectively. The total composition of 
the half-shrubs tended to be slightly higher in the fair range than in 
the poor range, but were considerably more abundant than in the excellent 
condition area. 
The total plant coverage increased with deteriorating range condition. 
On the basis of 100 feet of sample line, the vegetation ic the poor range 
had 12.3 and 9.6 per cent more cover than the excellent and fair ranges, 
respectively. 
Particular species of grasses, forbs, and half-shrubs were more 
responsive to the effects of grazing treatment than others. The principle 
changes in the grasses and grass-like plants were as follows: The primary 
forage species, Festuca scabrella, was reduced in actual coverage 87 per 
cent and 98 per cent in the fair and poor range of that in the excellent 
area. Koeleria cristate and Poa secunda, secondary forage species, de­
clined 17 and 14 per cent in the fair treatment, but increased in the 
poor range. Generally, the differences of these species were small and 
are attributed to sampling rather than grazing. Carex filifolia, gener­
ally considered as an increaser, showed consistent reductions with poorer 
range conditions. The species was reduced from the excellent condition 
52 per cent and 59 per cent in the fair and poor ranges. Stipa comata, 
characteristic of fair condition range, was found to be prevalent only 
in the fair unit, comprising 5 per cent of the total composition. 
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Table 2. Species Composition and Coverage Values of the Three Pastures 
Studied as Determined by the Line Intercept Method. Based on 
an Average Sample Line of 100 feet. June-July, i960. 
Range Condition 
Excellent Fair Poor 
% * * * 
Comp. Cover. Comp. Cover. Comp. Cover, 
Grasses and Grass-Like Plants 
Festuca scabrella 33.88 4.12 4.31 .54 .58 .08 
Koeleria cristata 9.62 1.17 7.7% • 97 9.24 1.28 
Poa secunda 7.40 • 90 6.15 • 77 6.i3 .85 
Carex filifolia 5^3 .66 2.55 .32 1.95 .27 
Calamagrostis montanensis 2.96 .36 4.39 • 55 3.32 .46 
Agropyron smithii • 99 .12 .48 .06 1.08 .15 
Stipa comata T 4.79 .60 
Muhlenbergia richardsonis .96 .12 1.15 .16 
Poa compressa .08 .01 .07 .01 
P. pratensis T T 
Subtotal 60.28 7.33 31. 3-9^ 23.52 3.26 
Forbs 
Arenaria congesta 18.59 2.26 19.16 2.40 3.76 • 52 
Erigeron compositus v. 
glabratus 5.10 .62 ^•95 .62 2.02 .28 
Antennaria parviflora 3.62 .44 4.86 .61 15.81 2.19 
Phlox muscoides 3.13 .38 27.13 3.40 40.33 5-59 
Achillea lanulosa 2.14 .26 1.12 .14 .58 .08 
Agoseris glauca 2.06 .25 .08 .01 .14 .02 
Solidago missouriensis 1.73 , .21 1.52 .19 3.03 .42 
Erigeron corymbosus .49 .06 T .21 .03 
Gaillardia aristata .16 .02 
Potentilla gracilis .16 .02 
Astragalus goniatus .16 .02 
Astragalus spp. .08 .01 T 
Chrysopsis villosa 2.31 .29 3.46 .48 
Erigeron pumilus v. 
intermedius • 32 .04 .36 .05 
Potentilla pennsylvanica .16 .02 .14 .02 
Castilleja chromosa .08 .01 .14 .02 
Tragopogon dubius T .08 .01 T 
Arabis spp. .07 .01 
Annual forbs .24 .03 
Subtotal 37.^2 ^•55 62.01 7-77 70.06 9.71 
Half-Shrubs 
Artemisia frigida 2.30 .28 2.23 .28 3.90 .54 
Chrysothamnus viscidiflorus 4.31 .54 2.53 .35 
Tetradymia canescens T T T 
Subtotal 2.30 .28 6.54 .82 6.43 .89 
TOTAL 100.00 12.16 100.00 12.53 100.00 13.86 
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Calamagrostis montanensls, found in all treatments, increased in the 
fair range and declined slightly in the poor condition area. Muhlen-
bergia richardsonis, Poa compressa, and P. pratensis, were associated 
with poorer range conditions, but were not abundant. 
The forbs were abundant in the fair and poor ranges. Several 
species were excellent indicators of range condition. Two mat-forming 
species showed the greatest increases with range deterioration. Phlox 
muscoides increased 795 per cent and 1371 per cent in the fair and poor 
areas from the excellent range. In the excellent and fair conditions, 
Antennaria parviflora, covered .44 and .61 feet per 100 feet of inter­
cept, but in the poor range the species increased to 2.19 feet per 100 
feet of intercept. Achillea lanulosa declined consistently as range de­
generation increased. In the excellent range, Arenaria congesta was the 
most abundant forb. This species increased in the fair unit, but was 
greatly reduced in the poor range which was contrary to expectations. 
Erigeron compositus v. glabratus, the next most abundant species in the 
excellent area, was not reduced in actual coverage in the fair unit, but 
was reduced 55 per cent in the poor range„ 
Four of the major species were subjected to statistical analysis. 
Table 3 reports the results of the analysis of variance tests for each 
of the species. 
The differences between range treatments for Festuca scabrella and 
Carex filifolia were significant at the 1 per cent level, while Koeleria 
cristata and Poa secunda showed no statistical differences. 
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Table 3. Analysis of Variance of the Effect of Grazing on the Coverage 
of Festuca scabrella, Carex filifolia, Koeleria cristata, and 
Poa secunda as Determined by the Line Intercept Method. 
June-July, i960. 
Species DF S Squares Variance Sample F 
Festuca scabrella 
Treatment 2 
Transect 10 
Error 20 
TOTAL 32 
Carex filifolia 
Treatment 2 
Transect 10 
Error 20 
TOTAL 32 
Koeleria cristata 
Treatment 2 
Transect 10 
Error 20 
TOTAL 32 
Poa secunda 
Treatment 2 
Transect 10 
Error 20 
TOTAL 32 
107.7 53.9 77.0** 
6.0 0.6 0.9 
13.9 0.7 
127.6 
1.0 0.5 10.0** 
0.4 0.04 0.1 
0.9 0.1 
2.3 
0.5 0.31 2.5 
2.8 0.3 2.8 
1.9 0.1 
5-2 
0.1 0.1 0.3 
0.8 0.1 0.5 
1.7 0.2 
2 .6  
**Significant at the 1 per cent level. 
^Values rounded to nearest tenth, but Sample F values are based on 
unrounded values. 
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Shrub Density. The shrubby vegetation was not adequately sampled by the 
line intercept method and as a consequence did not reveal the true charac­
ter of their reaction to grazing. By the intercept method, Artemisia 
frigida was found to increase in the poor range, while Chrysothamnus 
viscidiflorus decreased in the poor range. Tetradymia canescens was 
found only in trace amounts in each condition area. 
A series of plots in each condition area were used to determine the 
relation of shrub abundance to range condition. Table 4 shows the number 
of shrubs per acre, the density per plot, and the per cent frequency by 
species. 
The results of this study revealed that the shrub population was 
markedly affected by grazing. The poor range had 6.65 times as many 
shrubs per acre as the excellent area and 1.75 times as many as the fair 
unit. 
Three of the five shrub species were found in all conditions of 
which Chrysothamnus viscidiflorus and Rosa arkansana were notably absent 
from the excellent range. All of the species, except Rosa arkansana and 
Chrysothamnus viscidiflorus, increased with poorer range conditions. The 
latter species had approximately the same number of plants per acre in the 
fair and poor conditions. 
Herbage and Litter Yields. Range condition and herbage yields are com­
monly associated. Generally, the better the condition of the range the 
more forage is produced and conversely the poorer the condition the less 
forage is produced. Litter yields also tend to decrease with forage re­
ductions in line with range condition. 
Table k. Shrub Density as Related to Range Condition. Sixty 100 Square Foot Plots per Pasture. 
May, 1961. 
Excellent Fair Poor 
Number Density Per Gent Number Density Per Cent Number Density Per Cent 
Species Per Acre Per Plot Frequency Per Acre Per Plot Frequency Per Acre Per Plot Frequency 
Tetradymia 
canescens 2193 5-0 83.3 3,710 8.5 96.6 3,855 8.9 90.0 
Chrysothramnus 
viscidiflorus 3,732 8.6 68.3 3,724 8.6 91.7 
Gutierrezia 
sarothrae ' 109 .3 16.3 951 2.2 73-3 5,627 12.9 100.0 
Artemisia 
frigida 842 1.9 40.0 3,260 7-5 93-3 7,587 17 ̂  98-3 
Rosa 
arkansana 269 -6 8.3 ll6 .3 8.3 
TOTAL 3144 7.2 11,922 274 20,909 55-8 
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First Year Results. In this study, the total herbage yields defi­
nitely reflected range condition. Comparison of the forage and litter 
yields produced by the three pastures are shown in Table 5• The herbage 
and litter yields of the major ecological groups of species are compared 
in Figure 9. 
Table 5 • Herbage and Litter Yields as Related to Range Condition. Based 
on Air-Dry Weight. August, I960 
Range Condition 
Species and Group Excellent Fair Poor 
# Lbs . /Acre $ Lbs ./Acre # Lbs . /Acre 
Festuca scabrella 64.0 379. k 11, .6 35-3 1.3 3.2 
Koeleria cristata 5.% 32.1 9. 3 28.2 15.2 32.9 
Poa secunda 3-5 20.4 7. ,6 22.9 1U.3 30.9 
Grass increasers^- 10.1 59-5 35. 6 108.0 18.0 39.0 
Forb decreasers and 
increasers 8.2 k8.J 13. 1 39.6 15.2 32.9 
Forb invaders 8.8 552.1 22. 8 69.2 36.0 78.0 
TOTAL HERBAGE 100.0 592.2 100. 0 303.2 100.0 216.9 
Litter 392.8 156.0 102.9 
^Total grass increasers except Koeleria cristata and Poa secunda, 
which were measured separately. 
In the excellent range, Festuca scabrella produced 6k per cent of 
the total forage compared to 11.6 and 1.3 per cent in the fair and poor 
units, respectively. There was little difference in the amount of her­
bage produced by Koeleria cristata and Poa secunda in each condition 
area, but in terms of total production these species formed a greater 
proportion of the total in the poor range compared with the excellent. 
The grass increasers; Agropyron smithii, Calamagrostis montanensis, 
Carex filifolia, and Stipa comata; not including Koeleria cristata and 
Poa secunda, followed expected trends. The majority of forage produced 
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Figure 9 »  Herbage and litter yields of the major ecological groups 
of species in excellent, fair, and poor range condition, 
August I960. 
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by this group was in the fair range. Although the forb decreasers and 
increasers produced more forage by weight in the excellent condition 
area, the per cent of the total forage produced was less than in the 
fair and poor ranges. Forb invaders were more prevalent in the fair 
and poor ranges producing 36 per cent of the total forage in the latter 
area. 
The amount of litter also indicates the effects of grazing. The 
excellent range yielded 151.8 and 281.7 per cent more litter than the 
fair and poor ranges, respectively. 
Second Year Results. Herbage and litter yields were measured the 
second year following one year's protection from grazing to determine the 
effect of protection on herbage and litter production in relation to 
range condition. Table 6 reports the herbage and litter yields for 
1961. Figure 10 compares the herbage and litter yields for the major 
ecological groups of species for 1961. 
Table 6. Herbage and Litter Yields as Related to Range Condition Fol-
lowing One Year's Protection from Grazing. Based on Air-Dry 
Weight, July, 1961. 
Range Condition 
Species and Group Excellent Fair Poor 
> Lbs./Acre i  Lbs./Acre t  Lbs. /Acre 
Festuca scabrella 81.9 7^5.0 35.7 126.1 3.1 8.6 
Koeleria cristata 2.4 21.5 3.0 10.6 13.7 38A 
Poa secunda O.k 3-6 2.0 6.9 1.3 • 3.8 
Grass increasersl 6.1 55-7 43.0 151.7 30.6 86.0 
Forb decreasers and 
increasers 5-5 50.1 9.7 34.4 27.2 76.4 
Forb invaders 3.7 34.0 6.6 23.4 24.1 67.6 
Shrubs 25.0 73-2 91.2 
TOTAL HERBAGE 100.0 909.9 100.0 353.1 100.0 280.8 
Litter 973-4 216.8 114.4 
•HPotal grass increasers except Koeleria cristata and Poa secunda, 
which were treasured separately. 
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Figure 10. Herbage and litter yields of the major ecological groups 
of species in excellent, fair, and poor range condition, 
July 1961. 
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In the excellent pasture Festuca scabrella produced 745-0 pounds per 
acre compared to 126.1 and 8.6 pounds per acre in the fair and poor treat­
ments. Koeleria cristata and Foa secunda together produced 2.8, 5.0, and 
15.0 per cent of the total herbage in excellent, fair, and poor range con­
ditions. The grass increasers were most productive in the fair range where 
they produced 43.0 per cent of the total herbage compared to 6.1 and 30.6 
per cent in the excellent and poor range. The differences between the 
excellent and fair range in forb decreaser-increaser and forb invader 
production were not large, but the poor condition range produced con­
siderably larger amounts. Shrub production was related to range condi­
tion. The production of shrubs increased with poorer range condition. 
The amount of litter in the excellent range was 349 and 751 per 
cent greater than in the fair and poor condition areas, respectively. 
The herbage and litter yields after one year's protection when 
compared to the yields of i960 showed some outstanding differences. In 
i960, the total herbage yields were 34.9> 14.1, and 22.8 per cent less 
in the excellent, fair and poor range compared to 1961. 
The total grass production in 1961 increased "J.Q and 19.6 per cent 
in the excellent and fair treatments, but remained about the same in the 
poor range compared to i960. Forb production, however, declined in 1961 
in the excellent and fair pastures and remained about the same in the 
poor range. 
Festuca scabrella increased in production in all pastures and showed 
the greatest increase in the fair range where it produced 24.1 per cent 
more forage in 1961 than i960. Koeleria cristata and Poa secunda in 1961 
declined considerably when compared with i960. 
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Grass increasers, not including Koeleria cristata and Poa secunda, 
declined slightly in the excellent range, increased in the fair and poor 
treatments in 1961 over that of i960. The production of forb decreasers 
and increasers in 1961 was increased by nearly 10 per cent in the poor 
treatment, but declined in the other two ranges compared with the first 
year's measurements. The forb invaders were reduced in all pastures 
following one year's protection from grazing. 
Litter yields were greatly improved in the excellent and fair 
ranges the second year, but were only slightly greater in the poor 
range. The excellent range yielded 5dO pounds per acre more in 1961 
than in i960, while the fair and poor treatments increased 6l and 115 
pounds per acre. 
Plant Vigor. Continuous close grazing by livestock is frequently re­
flected in the vigor of plants. Differential rate of leaf growth, leaf 
height, number of seedstalks, seed production, and root crown size are 
all indications of vigor response in a comparison of plants of a given 
species on adjacent areas which have had different grazing treatment. 
In this study Festuca scabrella and Poa secunda were measured for 
vigor in that these species were represented in the three pastures. 
First Year Results. Table 7 shows a comparison of leaf height 
measurements of Festuca scabrella for the three range conditions for 
i960 and 1961. A similar comparison is given for Poa secunda in 
Table 8. The data were analyzed statistically by the determination of 
sample "t" values. These "t" values are reported in Table 9-
On the initial date of measurement, April 27, i960, the leaf 
height growth of Festuca scabrella in the fair and poor ranges was 58 
Table 7• Comparison of Leaf Height Measurements of Festuca scabrella in Excellent, Fair, and Poor Range 
Conditions, i960 and 1961. 
Excellent Fair Poor 
Date No. Meas. 
Height 
Inches SD 
Height 
Inches SD sv 
Height 
Inches SD SV 
12^0 
1 +- +- +- + — +- +-
4/27/60 100 4.13 0.97 0.10 2.38 0.50 0.05 1.90 0.42 0.04 
5/11/60 100 6.14 1.09 0.11 3.83 0.77 0.08 2.88 0.59 0.06 
6/10/60 150 10.62 2.08 0.17 5.98 1.23 0.10 4.39 1.02 0.11 
7/17/60 100 10.80 2.11 0.21 6.60 2.98 0.30 4.50 2.43 0.24 
1961 
5/15/61 150 6.57 2.94 0.24 5.08 2.26 0.19 3.88 2.30 0.19 
5/29/61 150 9.92 3-87 0.32 7-37 2.68 0.22 4.86 4.73 0.39 
6/14/61 150 11.41 4.78 ' 0.39 7.90 3.58 0.29 6.31 2.78 0.23 
7/19/61 125 12.95 5.11 0.46 8.25 3.12 0.28 6.58 3-76 0.34 
Table 8. Comparison of Leaf and Seedstalk Measurements of Poa secunda in Excellent, Fair, and Poor 
Range Conditions, i960 and 1961. 
Excellent Fair Poor 
Date Ho. Meas. 
Height 
Inches SD 
Height 
Inches SD s% 
Height 
Inches SD 
+- +- +- +- +- +-
5/27/60 100 2.17 0.51 0.05 I.69 0.38 o.o4 1.6l 0.29 0.03 
5/11/60 100 3-11 0.67 0.07 2.66 0.64 0.06 2.25 0.45 0.05 
6/10/60 100 U.941 1.62 0.13 9.97 1.88 0.16 8.81 1.58 0.13 
7/17/60 100 13.821 3.00 0.30 12.58 3-77 0.38 10.07 2.65 0.27 
5/15/61 100 2.75 2*33 0.23 2.00 1.34 0.14 1.92 1.29 0.13 
5/29/61 100 2.90 1-53 0.15 2.15 I.52 0.15 2.06 1.31 0.13 
6/14/61 100 3.17 l.6l 0.16 2.59 1.29 0.13 2.25 1.35 o.i4 
measurements 
-1+6-
and 1+6 per cent of that in the excellent condition range. By the end of 
the growing season Festuca scabrella in the fair condition range was re­
duced 39 per cent and in the poor range 58 per cent compared to the ex­
cellent treatment. 
The differences in leaf height of Poa secunda were less pronounced 
than Festuca scabrella. On the first date of measurement Poa secunda 
leaf heights were 78 and 7^ per cent, in the fair and poor treatments 
respectively of those in the excellent range. On the next sampling date 
the leaf height was reduced only ll+ per cent in the fair range, but 28 
per cent in the poor unit. Between the second and third sampling dates 
the leaf height growth was completed requiring subsequent measurements 
on seedstalks. 
Table 9> Analysis of Leaf Height Measurements of Festuca scabrella and~ 
Leaf and Seedstalk Height Measurements of Poa secunda Showing 
Calculated Sample "t" Values for Three Combinations of Condi-
Date and Excellent Excellent Fair 
Species and Fair and Poor and Poor 
Festuca scabrella 
1+/27/60 15.91 20.27 6.86 
5/11/60 16.98 26.08 9.50 
6/10/60 23.1+3 31.15 10.89 
7/17/60 11.35 19.69 5.53 
5/15/61 4.11+ 7.47 1+.1+1+ 
5/29/61 6.53 10.12 5.58 
6/H+/61 7-22 11.23 1+.30 
7/19/61 8.70 11.17 3.79 
Poa secunda 
1+/27/60 7.62 9.65 1.74 
5/11/60 1+.84 10.62 5.26 
6/10/60 9.611 16.91 5.74 
7/17/60 2.561 9.28 5.39 
5/15/61 2.78 3.19 0.1+2 
5/29/61 3.57 1+.20 0.1+3 
6/ll+/6l 2.82 1+.32 1.78 
lSeedstalk measurements. 
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The growth ability of the seedstalks of Poa secunda were less ad­
versely affected by range treatment than leaf growth. The seedstalk 
height, at the end of the first season, was reduced 9 per cent in the 
fair range and 16 per cent in the poor range compared to the excellent 
range. 
In June, seedstalk heights of Festuca scabrella were measured in 
each condition area. The average height was 14 per cent less in the 
fair range and 30 per cent less in the poor unit compared to the growth 
in the excellent condition range. The excellent range was more vigorous 
on the basis of the per cent of plants producing seedstalkb. In the 
excellent, fair, and poor ranges, approximately 23, 14 and 13 per cent 
of the fescue plants produced seedstalks, respectively. Basal areas 
of individual plants were much less in the poorer conditions than in 
the excellent treatment. Table 10 reports the seedstalk height, per 
cent of plants producing seedstalks, and basal area of Festuca scabrella 
plants in the three range conditions. 
Table 10. Comparison of Seedstalk Height, Per Cent of Plants Producing 
Seedstalks, and Basal Area Measurements of Festuca scabrella 
in Excellent, Fair, and Poor Range Condition Areas, i960 and 
196lf 
Excellent Fair Poor 
Inches Inches Inches 
Seedstalk Height1 16.02 13.46 11.23 
$ plants producing seedstalks1 22.JO 14.00 13»00 
Basal area2 6.93 2.40 1.11 
^Measured 6/10/60. 
2Measured 7/l9/6l. 
Analysis of the Festuca scabrella data by students distribution 
showed that differences in leaf height between treatments were significant 
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at the 1 per cent level for all dates. The greatest difference was be­
tween the excellent and poor ranges on June 10, i960, while the least 
difference occurred between the fair and poor ranges on the last date of 
measurement. Generally, the greatest differences in leaf height were be­
tween the excellent and poor ranges, next between the excellent and fair, 
and the least between the fair and poor ranges. 
The differences in leaf height growth of Poa secunda were insigni­
ficant at the 5 per cent level between the fair and poor ranges on the 
first date of measurement. All other leaf height comparison proved 
significant at the 1 per cent level. When seedstalk measurements were 
analyzed statistically the differences were also significant at the 1 
per cent level, except for the July determination between the excellent 
and fair ranges. This difference was significant at the 5 per cent 
level. 
This data was further treated by determining the growth as a per 
cent of the total height. Table 11 gives the results of this analysis. 
Initially, the leaf growth of Festuca scabrella appeared to be more com­
plete in the poor range. The growth in the fair range lagged behind the 
growth in the excellent and poor ranges generally. The same trends were 
noted for the leaf and seedstalk growth of Poa secunda. 
Second Year Results. Figure 11 compares the leaf height measure­
ments of Festuca scabrella and Poa secunda between the i960 and 1961 
seasons. The leaf growth of Festuca scabrella was more advanced in all 
treatments at comparable dates throughout the second year. At the end 
of the second season the heights were 2.15, 1.65, and 2.08 inches higher 
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in the excellent, fair, and poor ranges, respectively, compared to the 
i960 measurements. The increased height growth is due to the more favor­
able moisture conditions during the spring of 1961 and does not entirely 
reflect the protection from grazing. 
Table 11. Growth as a Per Gent of the Total Height in Excellent, Fair, 
and Poor Range Conditions, i960 and 1961. 
Species 
Festuca scabrella 
Poa secunda 
Bate 
4/27/60 
5/11/60 
6/10/60 
7/17/60 
5/15/61 
5/29/61 
6/14/61 
7/19/61 
5/27/60 
5/11/60 
6/10/60 
7/17/60 
5/15/61 
5/29/61 
6/15/61 
Excellent Fair Poor 
* 
38.2 
f  
36.1 
* 
42.2 
56.8 58.0 64.0 
98.3 90.6 97.6 
100.0 100.0 10Q„0 
50.7 47.0 59.0 
7 6.6 89.4 73.8 
88.3 95.7 96.0 
100.0 100.0 100.0 
69.8 63-5 71.6 
100.o1 100.0 100.0 
86.4 82.5 87.4 
100. o2 100.0 100.0 
86.7 77.2 85.5 
91.5, 82.9 91.6 
100.01 100.0 100.0 
^Leaf height. 
2Seedstalk height. 
Festuca scabrella leaf growth was reduced 36 and 39 per cent in the 
fair and poor range compared to the excellent treatment. When these per 
cents are compared to those of i960 it can be readily seen that the vigor 
of this species was improved slightly in the fair treatment, but showed 
• 1961 
Excellent Fair Poor Excellent Fair Poor 
FESTUCA SCAERELLA POA SECUNDA 
Figure 11. Conparlson of leaf height growth of Festuca scabrella and Poa secunda between 
range conditions and years at the last date of measurement in I960 and 1961. 
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greater improvement in the poor pasture as a result of one year's pro­
tection from grazing. ... 
The leaf growth of Poa secunda did not change appreciably during the 
second season. The growth in the excellent range was slightly greater, 
but showed greater statistical variation than in the first year. In the 
fair range the leaf growth was less than in the first year and the same 
in the poor treatment. 
Statistical comparisons between treatments revealed that the differ­
ences in the height growth of Festuca scabrella were significant at the 
1 per cent level for all dates in 1961. The differences were less, how­
ever, during the second year than comparable dates and treatments in the 
first year. On the other hand, the differences in the leaf heights of 
Poa secunda between the fair and poor treatments were insiginificant at 
either the 1 or 5 per cent levels at all dates. Other differences be­
tween treatments were significant at the 1 per cent level. When these 
statistical differences are compared to those of i960 they are con­
siderably less in the second year. 
The leaf growth in the second year expressed as a per cent of the 
total growth did not follow the same pattern as in i960. The growth of 
Festuca scabrella appeared to be slower in the excellent range during 
the second year, but about the same in the fair and poor pastures. 
It was originally intended to measure the number of seedstalks 
produced per plant and to remeasure the seedstalk height growth and num­
ber of plants producing seedstalks during the second year. However, too 
few seedstalks were produced for all major species to obtain this infor­
mation. Less than 4 per cent of the Festuca scabrella plants produced 
seedstalks in the excellent range. In the fair range less than 3 per 
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cent produced seedstalks and none were produced in the poor range. It is 
believed that the very dry fall period preceding 1961 affected seedstalk 
production. 
Seasonal Plant Development. Periodic observations throughout the 
spring and early summer of 1961 revealed little or no differences in 
stage of plant development between the three pastures. 
In late April, all pastures showed the grasses to be in leaf, forbs 
were beginning to emerge from the soil, and the leaf buds of most shrubs 
were beginning to swell. On May 8, 1961, Phlox muscoides, Fritilleria 
pudica, and Mertensia oblongifolia were more fully flowered in the poor 
pasture. By late May many species were in flower, but there was no 
quantitative difference in the dates they began flowering between range 
treatments. Poa secunda and Koeleria cristata appeared to be more ad­
vanced in the poorer treatments , but so few seedstalks were produced that 
the data is unreliable. Generally, most of the summer composites bloomed 
at approximately the same date in each pasture. 
Plant Moisture. Plants with higher moisture contents, especially during 
the dry summer months, are more desirable and palatable to livestock. 
In this study the moisture content of Festuea scabrella was determined 
in late July. 
Table 12 reports the results of these determinations. The data was 
analyzed by the analysis of variance test and is shown in Table 13. 
Appendix IV gives the individual percentages used in the analysis of 
variance test. 
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Table 12. Comparison of the Moisture Content of Festuca scabrella above 
Proper Use Height (4 inches) and Between A and 1 inch in Ex­
cellent, Fair, and Poor Range Condition. July, 196l. 
Excellent Fair Poor 
i i  i  
Above 4 inches 39*9 43*4 45-7 
Between 4 and 1 inch 54.2 44.3 45.6 
AVERAGE 47.1 43.9 45.7 
The moisture content of Festuca scabrella plants above the proper 
use height (4 inches) were lower in the excellent condition range than 
in either the fair or poor treatments. There was a trend of increasing­
ly higher moisture from excellent to poor condition, but the differences 
were less than 6 per cent. 
Between 4 inches and 1 inch, the moisture content was greater in the 
excellent range compared to the grazed pastures. At this height the 
plants in the fair range had moisture per cents lower than the poor range. 
The analysis of variance test revealed no statistical differences 
between treatments or clipping heights. The differences between sample 
points were apparently greater than the differences between treatments 
and clipping heights at the 5 per cent and 1 per cent levels. 
Table 13. Analysis of Variance of the Festuca scabrella Moisture Content 
Data, July, 1961 
DF S Squares Variance Sample F 
Treatment 2 42.37 21.19 .32* 
Clipping height 1 118.97 118.97 1.82* 
T x H 2 398.44 199-22 3-04* 
Error 24 1,572.71 65.53 
TOTAL 
*X" Tnci rrnn -Pn r>a n4 
29 
• 0+ +V.O C 
2,132.49 
tV» AOW-}- T ATral 
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Effeets of Grazing on the Soil 
Soil Compaction 
Bulk Density. Soils with low hulk densities signify a relatively 
porous condition and high values indicate greater compactness. In medium 
textured soils, as found in this study, poor aeration, slow infiltration 
of water, and comparatively high resistsnce to penetration may he expected 
to accompany high bulk densities. This in turn will affect root develop­
ment and accelerate erosion. 
Bulk density measurements were taken to determine if a relationship 
existed between range condition and soil compaction. Table 14 gives the 
average bulk densities of the four horizons sampled. Appendix V reports 
the individual measurements. 
Table 14. Comparison of the Effect of Grazing on the Bulk Density of 
Soils, May 28, I96O0 
Horizon Excellent Fair Poor ^^3^ ISRg 
Grams per cubic centimeter .08 .08 
0-2" 
2.-4" 
4-6" 
6-8" 
LSRo 
.71 
.78 
.89 
• 94 
.92 
• 91 
,96 
1„04 
• 94 
• 93 
.96 
1.02 
.09 
.08 
^ISR - Least Significant Range„ Subscripts indicate the range of 
means considered. Duncan's Multiple range test (Duncan, 1955). 
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The weight per unit volume of soil increase with poor range condi­
tions and depth in the profile. The excellent range had bulk densities 
which averaged O.83 grams per cubic centimeter in the first eight inches 
of soil compared to 0.96 grams per cubic centimeter in the fair and poor 
ranges. The 6-8 inch horizon in the excellent range compared with the 
4-6 inch horizon in the fair and 0-6 inch horizons in the poor range. 
Overall the fair range was slightly less compacted than the poor range. 
When the bulk density data was treated statistically by the Analysis 
of Variance, Table 15, the differences between treatment and horizon 
were significant at the 1 per cent level. The multiple range test showed 
that the bulk densities in the excellent range differed significantly 
(5$ level) from those of the fair and poor treatments in the 0-2 and 2-it-
inch horizons, but not in the 4-6 and 6-8 inch horizons except between 
the excellent and fair units in the latter horizon. The differences be­
tween horizons, in each treatment, were more pronounced in the excellent 
range than in the fair and poor ranges. 
Table 15. Analysis of Variance of the Data on the Bulk Density of Soils, 
May 28, i960 
DF E Squares Variance Sample F 
Treatment 
Horizon 
T x H 
Error 
2 
3 
6 
108 
0.4408 
0.3891 
0*0995 
0.8885 
0.2204 
0.1297 
0.01661 
0.00821 
25.63** 
15.08** 
TOTAL 119 1.8179 
^Combined to form the error variance, 
^^Significant at the 1$ level. 
0,0086. 
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During April, 1961, additional samples from the surface 2 inches were 
collected for "bulk density analysis to determine whether there was an 
improvement in the soil condition resulting from one year's protection 
from grazing. The results are given in Table 16. 
Table l6. Effect of One Year's Protection from Grazing on the Bulk Den­
sity of the Soil in Excellent, Fair, and Poor Range Condition. 
Date Horizon Excellent Fair Poor 
Grams Per Cubic Centimeter 
May 28, i960 0-2" • 711 • 92 • 94 
April 10, 1961 0-2" • 791 .86 .80 
DIFFERENCE • O
 
00
 
.06 .14 
^Average of 10 samples. 
The results indicate that there was apparently an ameliorating ef­
fect in the fair and poor ranges, but the bulk densities in the excellent 
range become heavier. The poor range showed the greatest improvement. 
Penetration. A second method of determining if any association 
exists between range condition and compaction of the soil was employed 
by use of a soil penetrometer. The results of these penetration tests 
are given in Table If. Appendix VI reports the individual groups of 
means used in the Analysis of Variance. 
As indicated by the penetration test the soil became increasingly 
compacted with poorer range conditions as shown by the depth to which 
the rod penetrated. In the excellent range the rod penetrated to 9-6 
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centimeters, but 1.8, 2.1, and 2.7 centimeters less in the fair, poor, 
and poor-grazed conditions. 
Table 17- Effect of Grazing on Soil Compaction as Measured by a Soil 
Penetrometer, August 31, 30, and September 1, i960. 
Average Depth of Penetration, Millimeters 
Excellent Fair Poor Poor-Grazed 
mm. SEm mm. SEm mm. SEm mm. SEm 
/ -  / -  /  -  /  -
95-51 1.25 77-2 0.63 74.8 1.01 69.0 0.77 
^Average of 280 individual measurements per treatment. 
There was a striking difference between the two poor ranges, poor-
ungrazed and poor-grazed. The latter area is immediately adjacent to 
the enclosed poor range and had received grazing whereas the fenced 
range did not. The poor-grazed range showed the shallowest penetration 
values. 
The Analysis of Variance was used to test the differences between 
treatments. Table 18 shows a summary of the analysis. The differences 
between treatments were significant at the 1 per cent level. 
Table 18. Analysis of Variance of the Effect of Grazing on Soil Com­
paction as Measured by a Penetrometer, August-September, i960. 
DF S Squares Variance Sample F 
Treatment 3 11,066.85 3,688.95 148.91** 
Error 108 2,604.17 24.10 
TOTAL 
** .CM 
111 
rfirt •f'4 Aonf a 
13,671.02 
1 4- "1 T 1 
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When the data in Table 18 was treated by Duncan's multiple range 
test it was found that the differences "between all treatment means, ex­
cept the fair and poor ranges, were highly significant. 
Soil Moisture Variation. Water lost from the soil by evaporation and 
transpiration must be balanced by water uptake to ensure the proper 
functioning of the plant processes. Different plants use less or more 
water than others for growth. When a new group of plants succeeds in 
an area there may be an accompanying shift in the demands for water de­
pending upon the water requirements of the new plants. Grazing also 
alters the infiltration characteristics of the soil by compaction. Hence, 
drastic changes may occur in the natural soil moisture entering the soil 
and its consumption by plants from the effects of grazing. 
Periodic measurements of soil moisture were taken from nine horizons 
in the soil profile in the spring and summer of i960 and 1961. These 
measurements have been combined into four horizons, characterizing root 
distribution, by averaging the soil moisture contents of the horizons 
comprising the larger grouping. Appendix VII gives the soil moisture 
contents of the nine basic horizons. Table 19 reports the soil moisture 
content of the four horizons. 
Analysis of the precipitation data recorded at the Philipsburg 
Ranger Station (Table l) shows that the fall-winter period of 1959-60 
was above normal, while the same period for 1960-61 was below normal. 
The wet fall-winter period was followed by a dry spring, whereas the dry 
fall-winter period was followed by a wetspring in comparison. Both sum­
mers were dry resulting in exceedingly low moisture contents. 
Table 19• Soil Moisture Content in Per Cent (Oven-Dry Basis) at Various Intervals in the Soil Profile, 
1960-1961. 
Excellent Fair Poor 
Inches Inches Inches 
Date 0-8 8-16 16-24 24-28 0-8 8-16 16-24 24-28 0-8 8-16 16-24 24-2£ 
I960 
5/9/60 
* 
36.0 
i 
25.4 
i 
22.31 
* 
33-8 
% 
24.5 17.61 
* 
27.0 
i 
19 -7 
* 
15.21 
i 
4/26/60 30.6 20.3 13.9 12.2 23.3 14.7 9.8 8.2 20.5 13.9 9-3 8.0 
5/11/60 25.3 20.3 11.6 9.4 20.1 14.2 10.8 9.6 18.9 15.O 10.0 8.4 
6/ 9/60 14.0 15.7 12.5 10.1 10.3 12.8 9.2 8.1 10.5 12.1 9.1 8.2 
7/17/60 9.8 10.5 9.0 7-4 8.6 8.1 6.1 5-7 8.5 7-9 6.9 6.7 
9/ 1/60 13.8 8.7 7.7 7.2 10.5 7-3 5.2 4.7 11.5 8.2 6.9 5.6 
1961 
4/10/61 19.4 12.0 4.7 3.7 17.6 12.4 8.0 6.5 19.2 15.2 9.8 7.0 
5/ 8/61 23.O 15.6 6.7 6.3 26.8 18.3 12.7 9.4 27.7 17.8 14.0 ll.l 
6/l4/6i 15.2 15.8 13.9 10.8 14.9 14.1 11.2 10.5 12.9 12.6 5.9 5.6 
7/19/61 7.2 11.1 9.6 8.5 6.9 8.8 6.0 5.2 7.2 8.3 7.9 7-1 
•*•16-20 inches. 
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The amount of precipitation during the fall-winter period was re­
flected in the storage of moisture at the beginning of spring period. 
After the wet fall-winter period storage was higher than for the corres­
ponding dry fall-winter period. 
The soil moisture content in each pasture for both years studied 
declined with increasing depth in the profile and generally with ad­
vancing season. The differences between any pasture condition and 
moisture content of the various horizons were not consistent in any way 
by these data. 
In the first year, the excellent range tended to have a slightly 
larger per cent of moisture than either the fair or poor pasture. In 
the second year, the differences were quite small and inconsistent. 
Soil Organic Matter. Organic substances, which are incorporated into 
the soil, have important physical, chemical, and biological functions. 
Organic matter affects the physical properties of the soil such as 
color, consistency, structure, field capacity, volume weight, penetra­
bility, permeability to water, and aeration. The chemical effects are 
increased solubility of minerals, formation of various adsorption and 
chemical compounds with inorganic soil constituents, and acidity and 
buffer characteristics. Organic matter supplies an energy source for 
soil organisms and liberates nutrients from higher plants. 
When grazing effects the vegetation by reducing litter yields and 
protection of the soil, the soil organic matter is lowered or lost by 
erosion. The decline adversely effects the productive capacity of the 
soil and consequently the growth of vegetation. 
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The results of the soil organic matter analyses for the 0-2 and 2-4 
inch horizons are shown in Table 20. The detailed measurements are given 
in Appendix VIII. Table 21 reports the results of the Analysis of Variance 
of the data as given in the appendix. 
Table 20. Effect of Grazing on the Soil Organic Matter Content. 
Horizon Excellent Fair Poor ^^
0-2" 6.9 6.8 6.8 
2-4" 6.6 5-5 5-9 
The differences in soil organic matter content between treatments are 
small. The per cent of organic matter in the excellent range was only . 1$ 
greater than the poor range and .2$ greater than the fair range in the 0-2 
inch horizon. The second horizon showed greater differences between 
treatments. 
Table 21. Analysis of Variance of the Effect of Grazing on the Soil 
Organic Matter Content 
DF S Squares Variance Sample F 
Treatment 2 3.2523 1.6262 1.9087 
Horizon 1 8.7040 8.7040 10.2159** 
T x H 2 I.65861 
Error 42 35.82791 .8520 
TOTAL 47 49.4428 
^Combined to form error variance .8520 
** Significant at 1$ level 
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Statistically the differences between treatments were insignificant 
at either the 5$ or the 1$ level. The principal differences were between 
horizons, which were significant at the 1$ point. 
Application of Duncan's multiple range test to the soil organic mat­
ter data revealed that the differences between the means, from greatest 
to lowest, were significant at the level for these combinations: 
Excellent 0-2" - Fair 2-4" 
Poor 0-2" - Fair 2-4" 
Fair 0-2" - Fair 2-4" 
Excellent 2-4" - Fair 2-4" 
Excellent 0-2" - Poor 2-4" 
In only one group, Excellent 2-4" - Fair 2-4", did a difference 
exist within the same horizon. All other significant differences existed 
between horizons. A difference between horizons can normally be ex­
pected. A decrease in organic matter occurs with increasing depth in 
the profile due to the nature of organic matter incorporation. However, 
differences which occur between treatments within the same horizon are 
a result of other causes. 
Soil Chemistry. There is a relationship between the degree of grazing 
and the loss of chemical constituents from the soil. Increased grazing 
damage generally reveals a corresponding decrease in certain chemicals. 
These losses are primarily related to the degree of erosion accompanying 
vegetation deterioration. 
The results of the soil analyses for the different horizons and 
treatments are summarized in Table 22. Results of the specific tests, 
in detail, are included in Appendices IX, X, XI, XII, and XIII. 
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Table 22. Summary of Chemical Analyses of the Soil Taken From Excellent, 
Fair, and Poor Range Conditions, 1960-61. 
Total Available Exchangeable 
Condition Horizon PH Witrogen Phosphorus Sodium Potassium 
Inches % ppm M.E.Q./lOOq,. Soil 
Excellent 0-2 7.1 0.k3 12.5 0.12 6.37 
2-k 7.4 0.14 4.20 
Fair 0-2 7.2 o.ko 14.7 0.14 7.84 
2-k 7-3 0.13 5-46 
Poor 0-2 7.3 O.kl 10.8 0.12 6.56 
2-k 7.7 0.13 3-41 
In general, the results of these tests indicate that no definite 
trend in the loss of chemical constituents of the soil occurred with in­
creased grazing damage. Each test showed a variable response to grazing, 
which seems to indicate that other factors are responsible for the dif­
ferences than grazing effects on the soil by erosion. The results of 
each test are considered in detail. 
Soil Reaction. In calcareons soils, the hydrogen-ion concentration 
normally decreases with depth in the soil profile, while the hydroxyl-
ion concentration increases. However, a loss of the surface soil would 
also increase the pH, by removing the more acidic layer and putting the 
surface further into the more basic horizons. Measurements of soil re­
action were made to determine if there is a relationship between range 
condition and soil los at this site. 
The pH of the soil varied between horizons, becoming more basic with 
depth. In the upper 0-2 inch horizon the pH gradually became more basic 
with poorer range conditions, but the trend did not hold for the 2-4 inch 
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horizon. In the latter case the excellent range was more basic than the 
fair and the poor range was distinctly more basic than either of the 
other two ranges. 
The Analysis of Variance of the soil reaction data, Table 23, showed 
that the differences between horizons were distinct at the 1$ level, but 
the differences between treatments were less pronounced. 
Table 23. Analysis of Variance of the Effect of Grazing on the Soil pH, 
I960 
DF S Squares Variance Sample F 
Treatment 2 0.6702 0.3351 3.79* 
Horizon 1 0.7729 O.7729 8.74** 
T x H 2 0.09091 
Error 3.89011 0.0884 
TOTAL 47 5.4241 
^Combined to form error variance 0.0884. 
* Significant at 5$ level. 
** Significant at 1$ level. 
Duncan's multiple range test brought out the fact that the poor pas­
ture was significantly different than the excellent and fair ranges, con­
sidering both horizons together, but these latter ranges were not signifi­
cantly different between themselves. The pH of all soils tested ranged 
between 6.43 and 8.03. 
Total Hitrogen. Nitrogen is an essential element for plants. A 
lack of nitrogen suppresses vegetative growth, decreases the amount of 
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protein produced in tlae plant especially in the caryopses of grains and 
cereals and regulates to a large extent the utilization of phosphorus, 
potassium, and other chemical constituents of the soil. 
Losses of nitrogen occur from several sources of which the removal 
of plant material and erosion are the most significant. Grazing removes 
large quantities of plant material and its nitrogen, which would other­
wise he returned to the soil in the form of organic residues. Destruc­
tion of the vegetative cover permits accelerated erosion resulting in 
loss of organic fractions of which nitrogen is intimately associated. 
In this study, the relationship of range condition to the total nitrogen 
content of the soil was determined. 
The total nitrogen content of the soil in each pasture were similar 
and thus showed no trends with range condition. Treatment of the data 
by the Analysis of Variance, Table 23, revealed no significant differ­
ences at the 5$ level. 
Table 2k. Analysis of Variance of the Effect of Grazing 
Nitrogen Content of the Soil. 
on the Total 
DF S Squares Variance Sample F 
Treatment 2 .003 .0015 0.71* 
Error 21 • 055 .0021 
TOTAL 29 .058 
•Insignificant at 5$ levels. 
Available Phosphorus. Phosphorus is one of the most important 
elements for the proper functioning and growth of plants and animals. 
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The availability of phosphorus to plants is limited by numerous factors 
such as (l) pH, (2) soluble iron, aluminum, and magnesium and their pres­
ence in minerals, (3) available calcium, (4) amount and decomposition of 
organic matter, and (5) activities of microorganisms. Changes in the soil 
resulting from grazing practices will affect the availability of phos­
phorus by actual loss or by fixation due to one or more of the above 
factors. 
The phosphorus tests of the 0-2 inch horizon revealed that the 
available phosphorus was greater in the fair pasture than in the excel­
lent or poor range. The poor range showed a much lower amount than the 
excellent range. In spite of these differences between condition areas, 
the amount was extremely high even in the poor range. 
It is felt that the method employed (Bray 1:7 soil-soil extract 
ratio) to determine the available phosphorus extracted greater amounts 
than normally would be expected in a similar prairie soil elsewhere. 
However, the proportional differences between treatments should be real­
istic, but not as large and possibly less significant. 
The analysis of variance test of the data showed the difference be­
tween treatments to be significant at the 5$ level. Table 25 reports the 
results of the statistical test. 
Table 25. Analysis of Variance of the Effect of Grazing 
Phosphorus in the Soil. 
on the Available 
DF S Squares Variance Sample F 
Treatment 
Error 
TOTAL 
2 
27 
29 
77.13 
270.14 
347.27 
38.56 
10.01 
3.85* 
^Significant at the 5$ level. 
-67-
Duncan's multiple range test was used to determine the location of 
the differences between treatments. The phosphorus content of the fair 
range was significantly different from the poor range at the jjo level. 
Other differences were not significant at this level. 
Sodium and Potassium. These cations are easily determined by the 
same method and therefore are included together. Their significance as 
nutrients, however, are quite different. The former element is con­
sidered to be of minor importance in plant growth, whereas the latter is 
extremely important. 
Like with nitrogen, sodium and especially potassium are lost by 
removal of herbage and by erosion. The greatest losses are by the wash­
ing away of the finer soil and organic particles carrying the bulk of the 
nutrients. 
The differences exchangeable in sodium content between treatments 
and horizons were small when these data were subjected to statistical 
analysis, Table 26, the differences were insignificant at the 5$ level. 
Table 26. Analysis of Variance of the Effect of Grazing on the Exchange­
able Sodium Content of the Soil. 
DF S Squares Variance Sample F 
Treatment 2 .0014 .0007 1.17 
Horizon 1 .0005 .0005 .83 
T x H 2 .0081 .0041 6.83** 
Error 42 .0261 .0006 
TOTAL 47 .0361 
** Significant at 1$ level. 
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The effect of treatment on horizon or vice versa was significant at 
the 1$ level. From the individual data it can be seen that in the fair 
pasture there is a larger amount of exchangeable sodium in the 0-2 inch 
horizon than in the 2-4 inch horizon, while in the other condition areas 
the reverse was true. This effect accounts for the significant inter­
action of factors. 
The exchangeable potassium content was high in all treatments and 
horizons. Soils with over 250 pounds of potassium per acre are con­
sidered high in this element (Russel, 1958). The potassium values found 
in this study were nearer to 2000 pounds per acre, which are high, but 
not uncommonly so. 
The potassium content decreased with depth in the soil profile in 
all treatments and showed fairly large differences between condition 
areas. These differences showed no trends with respect to range and con­
dition. Table 27 reports the analysis of variance of the data. 
Table 27- Analysis of Variance of the Effect of Grazing on the Exchange­
able Potassium Content of the Soil. 
DF E Squares Variance Sample F 
Treatment 2 25.13 12.57 7.10** 
Horizon 1 79.37 79-37 44.84** 
T x H 2 2.131 
Error 42 75.591 1.77 
TOTAL 47 182.22 
^Combined to form error variance, 1-77 
** Significant at the 1$ level. 
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The differences between treatments and horizons were significant at 
the 1$ level. The greatest difference, however, was between the two hori­
zons. Duncan's multiple range test showed that within the same treatment 
the differences between horizons were significant at the 5$ level. Treat­
ment differences were more erratic. In the 0-2 inch horizon differences 
between the excellent and fair range were significant at the 5$ level and 
all other combinations were not. In the 2-b inch horizon potassium dif­
ferences were significant at the 5$ level between the fair and poor 
treatment only. 
Soil Texture. A lower percentage of fine soil particles (clays and silts) 
and a higher percentage of coarse fractions (sands) are found in highly 
eroded soils compared to the same soil that has not been eroded. The 
texture of the surface soil was analyzed to determine if there were dif­
ferences between pastures, which could be attributed to erosion. 
The average percentages of sand, silt and clay contained in the sur­
face 0-2 inch horizon are shown in Table 28. 
Table 28. The Effect of Grazing on the Soil Texture of the Surface 0-2 
Inch Horizon. 
Soil Fraction Excellent Fair Poor 
Name Size Limits $ fh $ 
100.0 100.0 
17.8 
100.0 
-70-
The differences in the textural composition of soils are very small 
and are within the limits of sampling and analysis error. These data 
suggest that little or no modification of the 0-2 inch horizon has taken 
place due to soil movement as the result of wind or water erosion. 
Soil Temperature 
During mid-May, i960, soil temperatures were recorded for three 
depths; 2, 4, and 6 inches, from three profiles in each condition area. 
These measurements were taken in the morning in conjunction with soil 
moisture sampling and may reflect the influence of warmer atmospheric 
temperatures throughout the course of sampling. Although care was taken 
to embed the thermometers entirely, except for a small portion at the 
end. Sampling proceeded from excellent, poor to fair. Table 29 gives 
the results of these measurements. 
Table 29. Effect of Grazing on Soil Temperatures at 2, 
Depths, May 11, i960. 
4, and 6 Inch 
Depth Excellent Fair Poor 
po F° F° 
2" 49.7 63.7 58.3 
4" 46.8 52.3 50.7 
6" 46.3 49.5 48.2 
At all depths the fair range was the warmest, the poor range inter­
mediate, and the excellent range the coolest. 
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The fair range was 14 degrees warmer at the 2-inch level than the 
excellent range and 5.k degrees warmer than the poor. The difference in 
temperatures between range units was much les a the lower two depths. 
Water Behavior 
Infiltration Rate. The infiltration characteristics of each range 
condition area were examined by employing infiltration rings. Water 
applied to the series of rings showed consistent differences in the rate 
of infiltration between range condition units. On the basis of six 
applications the average rate of infiltration was nearly twice as rapid 
in the excellent treatment as in the fair and poor ranges. The excellent 
range absorbed water at the rate of 8.76 inches per hour conpared to k-.^k 
and 4.18 inches per hour for the fair and poor ranges, respectively. 
Table 30 gives the results of the ring infiltration tests. 
The principal differences in the rate of water infiltration occurred 
in the first application. In the excellent range water was absorbed 122 
per cent faster than in the fair range and 201 per cent faster than in 
the poor range. The rate of infiltration was reduced in the succeeding 
increments of water application. While there was a greater per cent re­
duction in the rate of infiltration in the excellent pasture it was nearly 
twice the rates for the other two pastures. 
Statistical treatment of the data by the analysis of variance showed 
that the differences between treatments and applications of water were 
significant at the 1 per cent level. The results of the Analysis of 
Variance test are shown in Table 31-
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Table 30. Effect of Grazing Upon the Infiltration Rate of Water Into the 
Soil; Recorded in Minutes for each 2-inch Increment to Reach 
the Soil Surface, September, i960. 
Application Excellent 
Range Condition 
Pair Poor LSRg LSR2 
7-31 
Minutes 
16.2 22.0 4.9 4.3 
13.4 26.1 29.1 
3 
4 
5 
6 
TOTAL 
AVERAGE 
14.7 
15.1 
15.4 
16.1 
82.0 
13.6 
26.2 
27.5 
27.8 
27.9 
151.7 
25.3 
29.4 
30.2 
30.8 
30.9 
172.4 
28.7 
^-Average of 10 measurements. Individual measurements are given in 
Appendix 
o 
ISR r Least significant range. Subscripts indicate the range of 
means considered. Duncan's multiple range test (Duncan, 1955). 
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Table 31» Analysis of Variance of the Effect of Grazing on the Rate of 
Infiltration, September, i960. 
DF S Squares Variance Sample F 
Treatment 2 7,477 3,739 157** 
Application 5 2,060 512 21** 
T x H 101 581 
Error 1621 4,01a1 
TOTAL 179 
^Combined to form error variance 24. 
** Significant at the 1$ level. 
Analysis of the data by Duncan's multiple range test (Duncan, 1955) ̂  
revealed the location of the differences (Table 30). All treatments were 
significantly different (5$ level) in the first application. For succeed­
ing applications, the excellent treatment was significantly (5$> level) 
different from the fair and poor treatments, but the fair and poor ranges 
were not. The first application for all treatments was significantly 
different from the second and succeeding applications at the 5$ level. 
DISCUSSION 
Improper grazing management of the rough fescue grasslands, like 
most other ranges, results in range deterioration. The history of use is 
reflected in the condition of the range. In this study it has not been 
the aim to isolate the cause for decline such as grazing during an im­
proper season, intensity of use, or by the wrong class of livestock. 
However, it is believed that a combination of these factors has contri­
buted to the depletion of the pastures studied. Regardless of the cause 
the effects of promiscuous grazing are detrimental to the health of the 
range. 
The results of this study point out that the effects of grazing are 
most readily measured in the condition of the vegetation. Large differ­
ences were found in vegetation cover, herbage and litter yields, and 
vigor of Festuca scabrella between the three pastures studied compared 
to differences in the soil characteristics measured. It was determined 
from the data that soil changes do not necessarily accompany vegetation 
changes. In some cases the use of soil characteristics are of less value 
than vegetation measurements in the evaluation of range condition. 
The plant composition studies showed a higher percentage of Festuca 
scabrella and other more desirable species in the vegetation cover than 
in the other two pastures. In general, this agrees with other studies 
(Goebel and Cook, i960; Klemmedson, 1956). The trend of decreasing the 
more desirable species and increasing the less desirable species is an 
important characteristic of vegetation deterioration which permits the 
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development of condition criteria. At this site Festuca scabrella most 
clearly revealed the downward trend with increasing grazing pressure and 
showed that with its deterioration it was replaced in other less desirable 
species. 
A small increase in the total plant coverage with poorer range con­
dition was found in the rough fescue grasslands of this study. On other 
ranges similar increases have been found by Costelloand Turner (19^1) and 
Evanko and Peterson (1955)° Because the total plant coverage tends to be 
rather uniform, or increases slightly with poorer condition, this char­
acteristic of vegetation may not be the best measure of condition. Better 
measures of condition were found in the replacement of Festuca scabrella 
and the total grass cover by the less desirable forb and shrub species. 
These changes formed a sequence in relation to range use and can be used 
to develop criteria for judging past management. 
Herbage and litter yields during the first year of study clearly 
showed the effects of past grazing use. The herbage yields were more or 
less in proportion to the per cent of climax species in the total com­
position. Anderson (1951) found this to be true for the Palouse Prairie 
in northeastern Oregon. Although the total herbage and litter yields were 
comparatively low, the differences between range treatments were great. 
The low herbage yields can be attributed to two factors. First, the be­
low average spring and summer precipitation of i960 reduced the growth 
of the plants on all pastures. Using Festuca scabrella as a criterion 
of growth, in the excellent pasture where increased vigor would be 
related to better climatic conditions rather than rest from grazing, 
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this species showed greater growth in the more moist spring of 1961. 
Second, burning of the pastures in 1958 may have reduced the productivity 
of the pastures. Humes (i960) in the Palouse Prairie near Missoula, 
Montana, found that "burning reduced the production of Festuca scabrella, 
two years after burning, but Koeleria cristataand Poa secunda production 
increased four times. Litter yields were primarily affected by past 
burning, which removed almost completely the humic mulch layer and de­
stroyed accumulated litter that had not reached the humic stage. 
The differences in the total grass yields between condition area 
were large, but the forb yields did not produce these differences. The 
similarity of forb yields in each pasture is related to species composi­
tion. In the grazed ranges the greatest increases in coverage were by 
the mat-forming species, Phlox, muscoides and Antennaria spp., which were 
below clipping height, except for an occasional flower stalk. These 
species therefore did not contribute herbage proportional to their cover­
age values. As a consequence the other forb vegetation which was nearly 
equal in coverage in the three pastures produced similarly. 
The total herbage yields in the second year of study were greatly 
improved over those of the first year. Better climatic conditions pro­
duced more herbage in the excellent range, while climatic conditions 
coupled with protection from grazing increased the production in the 
previously grazed pastures. 
The litter yields also increased in the excellent and fair pastures, 
but the poor range did not greatly increast in litter yield. The absence 
of burning and protection from grazing are probably the reasons for 
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increased litter yields. The fact that the poor range did not show marked 
increases in litter can be explained partially in that herbage production 
is quite low and therefore does not contribute much in the way of litter. 
The total grass production was high in all pastures in the second 
year, but forb production decreased in the excellent, and fair ranges. 
It is thought that in the climax state these ranges would be very high 
in grass yields and low in forb yields. When the climax is altered by 
fire or grazing forbs are allowed to increase in the interspaces between 
the Festuca scabrella clumps. Concurrently, the size and number of 
Festuca scabrella plants decrease. Under protection regeneration occurs 
and the forbs are gradually excluded to an equilibrium point. 
An increase in the forb production occurred in the poor pasture. It 
can be seen from the data that the forb decreasers and increasers were 
primarily responsible for this increase. The data suggests that with 
protection from grazing there is an almost immediate response of the 
vegetation toward improvement. 
The key forage species, Festuca scabrella, was the most sensitive 
to the effects previous of grazing. The absolute coverage, productivity, 
and vigor of the species declined with poorer range conditions. The 
abundance and vigor of Festuca scabrella, in the mountain rangelands of 
Alberta, indicated range condition, similarly (Hanson„ 1951)° 
The use of vigor as a criterion of range condition has been criti­
cized on the basis that (l) vigor may be modified by the effects of cur­
rent weather, (2) a perennial species on a depleted range may exhibit 
more vigor after a short rest than on climax range, and (3) vigor is 
hard to measure and describe. (Dyksterhuis, 19^9j Humphrey, 19^5j 
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Parker, 1954). Other workers regard vigor as a useful tool in the assess­
ment of range condition (Goebel and Cook, i960j Johnson, 1956; Pechanec, 
1945? Short and Woolfolk^ 1956; and Weaver and Darland, 194-7). 
The vigor of Festuca scabrella, measured for two seasons, was sig­
nificantly different between treatments in spite of different weather 
patterns and rest. The species was more vigorous, in height growth, the 
second year due to the wetter spring period. The differences in growth 
between conditions during the second year, however, were less significant 
than during the first year. Additional years' rest from grazing may show 
that vigor, as determined by leaf height, is unsatisfactory for a range 
condition criteria unless related current grazing use. 
The vigor of Poa secunda in the first year of measurement showed 
distinct differences in both leaf height and seedstalk heights between 
treatments. Poa secunda was found to recover from the effects of grazing 
in the second year. The difference between the excellent and poor range 
was significant, but not between other combinations for all dates. This 
species apparently is not as sensitive to grazing as Festuca scabrella and 
has the ability to recover mare quickly from damage. 
One aspect of vigor not directly measured, but quite evident, is the 
deterioration of the Festuca scabrella plant with increased grazing pres­
sure „ In the excellent pasture the plants tend to be large, distinct 
bunches composed of numerous groups of tillers arising regularly or ir­
regularly from an elevated crown. In the fair range much of the crown 
has deteriorated, becoming less elevated, and the plants are greatly re­
duced in size. The plants in the poor range are very small giving the 
appearance of a single group of tillers. In most cases these plants have 
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no recognizable boundaries, the tillers arise directly from the soil, and 
the crown interspaces are almost completely mineralized. Moss and Camp­
bell (1947) have reported similar effects of grazing on Festuca scabrella 
in Alberta. 
The average plant moisture content of Festuca scabrella was higher 
in the excellent range than in the fair and poor treatments indicating 
that the species is generally more succulent when in better condition. 
However, the trend was reversed when the moisture content of herbage 
above the proper use height was determined separately. During measure­
ment it was observed that in the excellent pasture the Festuca scabrella 
plants had a mueh higher proportion of leaves that were dry at the tip, 
than the plants in the other ranges. This probably accounts for the 
lower moisture contents in the excellent range. 
The bulk density and penetration values showed the effect of cur­
rent grazing on the soil characteristics. Decreasing condition was 
accompanied by higher soil volume weights and increased resistance to 
penetration. Numerous other studies have found that the trampling ef­
fect of the grazing animals increases soil volume weights (Chandler, 
19^0; Goebel and Cook, 1960j Kelting, 1954.; and Klemmedson, 1956). 
Lighter soil bulk densities were found in the excellent range at 
all depths measured than corresponding depths in either the fair or poor 
ranges. Apparently grazing at this site over a number of years gradually 
compacts the soil through the entire surface soil (at least to 8 inches). 
Changes in the bulk density from that of the previous year were found 
in the surface 2 inches. The effects of alternate freezing and thawing 
during the winter and spring months tend to loosen the surface soil 
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(0-2 inches) but does not materially affect lower depths (2-4 inches) 
(Johnson, 1952), which would explain the lighter densities in the fair 
and poor pasture the year after protection. The heavier bulk densities 
of soil in the excellent range are probably due to sampling variation„ 
Orr (i960) found the bulk densities were more variable on protected 
sites than on grazed range„ The increased litter (MacKinney, 1929) and 
better protection from the low temperatures afforded by the larger more 
dense grass tussocks (Anderson, 19^7) probably prevented as intense 
freezing of the soil as in the fair and poor ranges. 
Increased resistance to penetration was found between the poor-
protected range and the poor-grazed range and not between the protected 
fair and poor treatments« The former two ranges are essentially the 
same, except the poor-protected range was fenced early in the spring and 
the poor-gsazed range received more or less continuous grazing to the 
time of measurement.. These findings indicate that current livestock use 
has a considerable effect on the compaction of the soil during the spring 
and early summer. The penetration test of compaction is probably the most 
useful for study when grazing is current. Also, while penetration and 
bulk density tests are excellent measures of physical differences in 
soils these characteristics can change rapidly after the grazing pres­
sure is remove do 
Soil chemical constituents were evaluated primarily to determine 
the relationship between range use and the degree of soil erosion. The 
results of these tests were varied and inconclusive concerning this re­
lationship,, However, certain tests such as those for organic matter and 
total nitrogen are strong indicators of erosion condition and they re­
vealed that erosion was negligible at this site. 
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The results of the organic matter and total nitrogen tests show that 
these two constituents parallel one another with respect to range condi­
tion and at nearly the same ratio. If erosion had been active in the 
grazed pastures there would have been a greater difference between the 
pastures. Croft, Woodward, and Anderson (1943) found that the organic 
matter and total nitrogen contents of the surface soil are directly 
proportional to the amount of erosion. Young (1943) supports this view 
by stating "Changes in the vegetation do not necessarily indicate that 
pronounced changes have also taken place in such chemical constituents 
of the soil as organic matter, total nitrogen, nitrate-nitrogen, and pH 
unless erosion has been associated with overgrazing"„ 
The data from the other soil analyses; piH, available phosphorus, 
and exchangeable sodium and potassium., showed the fair range to contain 
the highest amount of these constituents» The differences were signifi­
cant between treatments for all tests except for exchangeable sodium. 
The increase found in fair treatment suggest that there is sufficient 
variability in the soil of each area to reveal these chemical differences, 
but not in texture. Also, it may be inferred that on some sites chemical 
characteristics of soils are less desirable for determining differences 
in condition than certain other physical characteristics such as compaction. 
The loss of soil by accelerated erosion^ as determined by chemical 
and textural analyses, is at a minimum in all condition areas. In the 
excellent range ample litter and vegetative cover have prevented active 
soil movement, while in the fair and poor pastures litter yields are com­
paratively low there is sufficient vegetation to protect the soil. These 
factors and the additional characteristics of a low slope gradient {12$) 
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and the nature of storms appears to he such that erosion is not a serious 
problem. 
The angle of slope is low enough that precipitation is retained in the 
surface depressions and absorbed at a rate faster than the water can collect 
in a volume sufficient to produce overland flow. Observations by the 
writer indicate that the summer storm patterns are such that the precipi­
tation that falls is seldom of large quantity or intensity to produce 
damaging effects. The soil texture analysis revealed that little or no 
erosion has taken place on this area in that loss of fine material is 
normally expected with increased erosion. 
The rate of water infiltration was found to be faster in the excel­
lent range than either of the grazed ranges. The succeeding increments of 
water tended to be uniform in the rate of infiltration. The relatively 
uniform rates of infiltration from the second to sixth applications in­
dicate that a stable pore space condition exists in these soils as well 
as a high capacity for water absorption. Pore size would likewise appear 
to be significantly different between the soils in the excellent range as 
compared to the other two pastures. 
The results of the ring infiltration and bulk density tests show that 
there is a close relationship between the rate of absorption of water by 
the soil and range condition. The fact that the absorption rate paralleled 
the bulk density values is a good indication that soil compaction is res­
ponsible for decreasing infiltration at this site. Daubenmire and Colwell 
(19^2) in study of the Agropyron-Poa Prairie of southeastern Washington 
found that the increased infiltration rate of the virgin prairie compared 
to grazed range could not be explained on the basis of compaction. Ho 
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explanation was offered. Pearse and Wooley (1936) attribute the differ­
ences in water absorption to the plant cover; infiltration rates were 
higher when the cover was composed of fibrous rooted plants. On the 
Philipsburg study area there appears to be a greater number of fibrous 
rooted plants per unit area in the fair and poor pastures, although the 
individual plants seem smaller. This would indicate that the rates 
should be higher in the poorer pastures. Others (Turner and Dortignac, 
195^; Woodward and Craddock, 1954) have found that greater plant density 
increased the infiltration rate. Again, in the per cent study area more 
cover was found on the poorer ranges. The only possible explanation for 
the decreasing rates of absorption is the soil compaction associated with 
increased grazing pressure. 
The study of vegetation and soil changes showed that the relationship 
of vegetation cover and range use may not be wholly in agreement with the 
pattern of range condition described by Dyksterhuis (1949) and others 
(Tomanek and Albertson, 1953 and Voigt and Weaver, 1951)• The differences 
in coverage and yields of Festuca scabrella were greater between the ex­
cellent and fair and poor conditions than between the fair and poor 
ranges. Bulk density and penetration data also showed a similar pattern. 
These results suggest that the vegetation and soil have a curvilinear 
response to grazing rather than linear. However^ a lack of a full series 
of range conditions and having only one incomplete series is not suf­
ficient basis for establishing this principle. 
SUMMAJRY AMD CONCLUSIONS 
The response of the vegetation and soil to the varying effect of 
grazing was studied on an upland site in the fescue grass lands near the 
town of Philipsburg in Western Montana during i960 and 1961. Three ad­
jacent areas with similar soil, slope, and aspect were preclassified into 
excellent, fair, and poor range conditions on the basis of standards set 
by the Soil Conservation Service. These condition areas were investi­
gated in detail to determine the nature of vegetation deterioration and 
accompanying soil changes resulting from different degrees of livestock 
grazing. Ecological and economic information was obtained which can be 
used as guides for the proper management of these ranges. 
In general, livestock grazing was found to have a pronounced effect 
on the vegetation and certain soil properties, while other soil char­
acteristics were only slightly affected by this disturbance. Consistent 
reductions in the total grass cover, total herbage yields, litter pro­
duction, vigor of Festuca scabrella, and infiltration rate of water into 
the soil, along with increases in the total forb cover, shrub abundance, 
and compaction of the soil with current grazing, were characteristic of 
declining range condition. Changes in the soil organic matter content, 
soil moisture, soil nutrient status, and soil stability were negligible 
at this site. 
Certain plant species were found to be greatly influenced by the 
degree of grazing. Large reductions in the coverage of Festuca scabrella 
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occurred with successive increases in grazing pressure. This species was 
the most important single plant indicator of range condition. Carex 
filifolia and Achillea lanulosa also decreased in absolute coverage, but 
to a much lesser degree. The removal of plant competition allowed, Phlox 
muscoides and Antennaria parviflora, to increase in coverage in the fair 
and poor condition ranges. The former species occupied two-fifths of the 
total coverage in the poor range. Stipa comata was found only in the 
fair range in sufficient abundance to be recorded on the sample lines 
and is a strong indicator of that condition. The other species were less 
responsive to grazing effects. However, pertinent to this and to other 
studies of the Palouse Prairie was the response of Koeleria cristata and 
Poa secunda. In this study these species were scarcely affected by 
grazing as has been found elsewhere. 
Herbage yields were lowered considerably by the removal of Festuca 
scabrella from the vegetation. In a comparison of the yields of this 
species in the excellent range with yields in the fair and poor treat­
ments, during the first year of protection, it was found that Festuca 
scabrella produced more forage than the total herbage produced in either 
grazed range. The grass increasers species produced more forage in the 
fair condition range than in the other conditions conforming to expected 
trends. Grazing successively reduced the herbage yields of the combined 
forb decreasers and increasers, whereas the reverse was true for forb 
invaders. 
After one year's protection from grazing herbage yields were in­
creased in all pastures. The increase in yields in the excellent range 
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were attributed to better climatic conditions during the spring of the 
second year of study, while better climatic conditions and protection from 
grazing were responsible for the increased yields in the fair and poor 
treatments. The poor pasture showed improvements in vegetation condition 
by increased production of grass increasers, forb decreasers and in­
creasers, and proportional decreases in the forb invader group. 
A stedy decline in the vigor of Festuca scabrella and Poa secunda 
indicated successive heavier grazing treatment. The reduction in leaf 
height, seedstalk height, seedstalk production, and size of individual 
plants of the former species was pronounced in comparing excellent to 
fair to poor condition. The latter species was reduced in vigor the 
first year of protection after grazing, but had nearly recovered by the 
end of the second year, Festuca scabrella, in contrast, showed trends 
toward improvement in leaf height, but were not as great as with Poa 
secunda. 
Studies of plant moisture showed no significant differences in the 
moisture content of Festuca scabrella between the three condition areas. 
Above proper use height (4 inches) the moisture content was progressively 
lower with better range condition owing to a higher proportion of dried 
leaf material at the time of measurement. The trend was reversed when 
the entire plant is considered. 
Soil compaction, measured by bulk density and penetration tests, re­
vealed small differences between the fair and poor ranges indicating that 
soil changes are not always as pronounced as vegetation changes. Current 
grazing, during the spring and summer, was found to foe the cause for 
-87-
differences in two similar poor condition ranges. The fenced poor range 
was less compacted than the unfenced poor-grazed range. Subsequent study 
showed that compacted ranges were less dense the following spring, due to 
the action of freezing and thawing, whereas the excellent range represent­
ing the uncompacted state reached an equilibrium and was affected by 
sampling variation. 
Other soil characteristics studied showed that changes in the 
vegetation did not result in marked change in these elements at this site 
and would imply that little or no sheet erosion has taken place. 
The specific effects of grazing on infiltration of water can be 
associated with the degree of soil compaction incurred by livestock use 
during the spring prior to fencing and the carryover effect of previous 
use. Water applied to infiltration rings was absorbed twice as fast in 
the excellent range compared to the fair and poor treatments, but all 
conditions have a high capacity of water absorption in spite of the dif­
ference between ranges. This may account for the fact little or no 
erosion was evident either visually or by analysis. 
The following conclusions are drawn from the results of this study 
with respect to the varying effects of livestock grazing on this site 
in the fescue grasslands of Western Montana. 
(1) The effects of grazing are most readily measured in the condi­
tion of the vegetation and certain soil physical properties such as 
bulk density and penetrability. 
(2) Soil physical characteristics are more strongly influenced by 
current grazing than are ehemical aspects. 
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(3) Vegetation changes do not necessarily result in loss of soil 
chemical constituents. 
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Appendix I. Plant Species Found in Each Condition Class, Philipsburg, 
Montana, 1960-61 
Species 
Grasses and Grasslike Plants Excellent Fair Poor 
Agropyron smithii Rydb. X X X 
Bromus teetorum L. X 
Calamgrostis montanensis Scribn. X X X 
Carex filifolia X X X 
Festuca seabrella Torr. X X X 
Koeleria cristata (L*) Pers. X X X 
Muhlenbergia richardsonis (Trin.) Rydb . X X 
Poa compressa L. X X 
P. pratensis L. X X 
P. secunda Presl. X X X 
Stipa comata Trin. and Rupr. X X 
Forbs 
Achillea lanulosa Nutt. X X X 
Agoseris glauca (Pursh.) Raf. X X X 
Anemone globosa Nutt. X 
Antennaria parvifolia Nutt. X X X 
A. rosea Greene X X X 
Arabis Spp. X 
Arenaria congesta var. subcongesta 
(Wats.) Wats. X X X 
Astragalus Spp. X X X 
A. goniatus Nutt. X 
A. striatus Nutt. X X 
Castilleva chromosa A. Nels. X X 
Chrysopsis villosa (Pursh.) Nutt. X X 
Dodecatheon conjugens var. viscidum 
Greene X X X 
Erigeron compositus var. glabratus 
Macoun X 
E. corymbosus Nutt. X X X 
E. pumilus var. intermedius Cronq. X X X 
Erysimum inconspicuum (S. Wats.) MacM. X 
Fritillaria pudica (Pursh.) Spreng X X X 
Gaillardia aristata Pursh. X 
Happlopappus acaulis (Nutt.) Gray X X X 
H. integrifolius Gray 
Lithospermum ruderale Dougl. X X X 
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Appendix I. Plant Species Found in Each Condition Class, Fhilipsburg 
Montana, 1960-61 - Continued 
Species 
Forbs - Continued 
Lomatium simplex (Nutt.) MacBr. 
Lupinus serecius Pursh. 
Mertensia oblongifolia (Nutt.) G. Don. 
Orthocarpus luteus Nutt. 
0. tenuifolius (Pursh.) Benth. 
Penstemon procerus Dougl. 
Phlox muscoides (P. bryoides Nutt.) 
Potentilla Spp. 
P. gracilis Dougl. 
P. fruticosa L. 
P. pennsylvanica L. 
Senecio canus Hook 
Solidago missouriensis Nutt. 
Tragopogon dubius Scop. 
Zygadenus gramineus 
Excellent 
X 
X 
X 
X 
X 
X 
X 
Fair 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Poor 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Shrubs 
Artemisia frigida Willd. 
Chrysothamnus viseidiflorus (Hook) Nutt. 
Gutierrezia sarothrae (Pursh. & Rusby 
Britt„ 
Rosa arkansana Porter 
Tetradymia canescens Dc„ 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Appendix II. Tentative Soil Mapping Unit Description for the Philipsburg 
Study Area-1-
Quigley Loam, 9-15$ slope 652/D-l 
This mapping unit comprises dark-colored loamy mineral chernozem 
soils of the high benches. They are forming in unconsolidated sediments 
of late Tertiary age. Soils have dark loamy surface soil of 8 to 10 
inches thick overlying brown loamy subsoils. Soils are associated with 
Philipsburg and differ in being normal developed zonal soil rather than 
intrazonal. Quigley soils are formed in parent material comparable to 
that of the Burnt Fork soils which are developing in lower rainfall. 
Kange is clear. 
Inclusions: Areas included were parent beds which may be moder­
ately sandy. 
Type location: Hear center SWjj-, Sec. 3, T. 6 N., R. 14 W. 
•^•The soil at the Philipsburg study area is expected to be place in­
to a new soil series sometime in 1961. Information obtained via conver 
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Appendix III. Soil Description of the Philipsburg Study Area as Deter­
mined by the Soil Conservation Service, June, i960 
Quigley Loam, 652-D 
Granite County, Montana - June 17, 19^0 
Classification - minimal chernozem 
Location - 1500 feet N., 125 feet E. of S/4 cor. Sec. 2k,  T. 7 H., 
E. Ik W. 
Parent material - gravelly loamy stratified sediments, fan position 
Physiography - Piedmont fan 
Relief - smooth, convex 
Drainage - well 
Salt-Alkali - none 
Elevation - 5350 feet 
Ground water - deep 
Stoniness - 0 
Slope - 10 per cent 
Moisture - slightly moist 
Aspect - West 
Erosion - none to slight 
Permeability - 4 
Additional notes - This site approximately 250 feet HE of Philips­
burg cemetary. This mapping unit not modal to Quigley unit. 
It occurs on coarse loamy material whereas Quigley has material 
that is few stones and cobble rather than gravel. 
Appendix III - Continued. Soil Description of the Philipsburg Study Area as Determined by the Soil 
Conservation Service, June, i960. 
Horizon Depth Color Texture Structure Consistence Reaction Boundary 
Dry Moist Dry Moist Wet 
Dark Gray 
*1 0-5" 10 Yr. 10 Yr. silt Mod., fine, soft very slightly clear 
4/1 2/1.5 loam granular firm sticky 8s wavy 
plastic 
Gray Brown 
V 5-8" 10 Yr. 10 Yr. silt Weak, med., soft very slightly gradual 
5/2 3/3 loam prismatic fiim sticky 8s wavy 
to mod., fine plastic 
subangular 
blocky 
8-18" 
Light Gray 
G1 10 Yr. 10 Yr. clay** Weak, med., slightly firm stleky strong clear 
7/2 4/2 loam subangular hard plastic effer­ wavy 
blocky vescence 
White 
cCa 18-2T" 10 Yr. 10 Yr. clay** massive slightly firm sticky violent gradual 
8/2 6/ 3 loam hard plastic 
Very Pale Brown 
DCa 27-34" 10 Yr. 10 Yr. very massive loose very slightly violent 
8/3 5/2 gravelly 
1 
fiim sticky 8s 
coarse silt plastic 
loam*** 
Very Pale Brown -
D 34-45" 10 Yr. 10 Yr. very massive loose very slightly violent 
7/3 5/3 gravelly fiim sticky & 
sandy clay plastic 
•« ****** 
loam*** 
* Weak color B which is living and nonliving 
** Contains 5-10$ fine gravel 
*** 50-55$ gravels 
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Appendix IV. Comparison of the Moisture Content of Festuca scabrella 
Above Proper Use Height (4 inches) and Between 4- and 1-inch in Excellent, 
Fair, and Poor Range Condition, July, 1961 
Excellent Fair Poor 
Sample Above 4-1" Above 4" 4-1" Above 4" 4-1" 
1 56.2 50.7 46.9 .6 38.7 45.0 
2 30.1 70.7 ^5-9 48.0 52.4 47.8 
3 30-8 52.7 41.8 42.3 43.2 47.4 
4 26.3 46.0 44.8 42.5 60.4 45.1 
5 56.0 50.9 37-8 ^6.0 33.6 42.9 
AVERAGE 39.9 54.2 43 4 44.4 45.7 45.6 
Appendix V. Comparison of the Effect of Grazing on the Bulk Density of Soils, May 28, 1961. 
Excellent Fair Poor 
7TTT1 7775* ST" TT" Z~m TwTn—^17" T Horizon 0-2" 2-V 2-6" 6-8" 0-2" t 
CV
I 
2-6" 6-8" 0-2" 2-4" 4-6" 
C
O
 1 
V
0 
Sample 
1 .64 .66 .90 .98 .88 .86 .92 1.04 .84 .91 •85 1.00 
2 • 57 .75 •77 .76 .91 .89 .91 I.OT .94 1.02 1.23 1.11 
3 .72 .70 .87 .90 .86 .84 1.08 1.13 .91 .88 .78 .99 
4 .80 .87 .91 •97 •92 •93 .96 •97 .79 .89 •94 .90 
5 .64 •77 .82 .92 .91 .87 .86 1.02 1.19 .94 1.00 •97 
6 .63 .90 •93 .89 .92 •93 .90 .98 .92 .89 .92 1.02 
7 •77 •83 .90 .94 •93 .86 •83 .80 •97 .91 1.19 .98 
8 •77 .86 1.03 1.09 .99 •95 1.05 1.14 .87 1.02 •93 1.05 
9 .84 •54 .92 .91 .88 •97 1.04 1.15 1.05 .96 •85 1.04 
10 •73 .88 •87 1.06 .98 1.00 1.01 l.ll .92 •87 .90 l.ll 
TOTAL 7-11 7.76 8.92 9.42 9.18 9.10 9-56 10.41 9-40 9.29 9-59 10. IT 
AVERAGE .71 •78 .89 •94 .92 •91 .96 1.04 .94 •93 .96 1.02 
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Appendix VI. Effect of Grazing on Soil Compaction as Measured by a 
Penetrometer, August 30, 31 and September 1, i960. 
Sample Group* Excellent Fair Poor Poor-Grazed Totals 
1 87-5 78.8 72.3 7^.5 313.1 
2 107.5 75.8 78.0 73-0 33^.3 
3 103.4 75.5 76.9 69.6 325.4 
4 99.3 75.2 76.6 75-7 328.8 
5 107.4 80.7 78.8 70.1 337-0 
6 97.3 73.3 79.9 71.5 322.0 
7 101.2 7k.9 77.9 64.7 318.7 
8 95.3 80.1 75.3 68.3 319.0 
9 103.7 75-5 79.3 71.5 330.0 
10 99-9 82.3 74.8 67.9 324.9 
11 99-9 78.4 70.3 60.9 309.5 
12 94. 1 7 4.6 7^.9 61.8 305.4 
13 91.8 81.9 78 .6 63.4 315.7 
14 95.3 85.0 84.9 66.0 331.2 
15 100.2 81.2 77.6 70.1 329.1 
16 89.5 73.9 66.7 74.3 304.4 
IT 91.2 75-6 72.5 71.3 310.6 
18 88.5 78.4 81.2 71.8 319.9 
19 88.7 77-7 76.7 70.2 313.3 
20 99.2 69.9 73.3 73.3 315.7 
21 89.1 79.8 72.7 68.3 309.9 
22 93.1 75-6. 77.6 69.9 316.2 
23 98.3 75.0 72.8 68.8 314.9 
2k 84.5 78.3 77-6 71.9 312.3 
25 95.3 78.6 70.7 70.2 314.8 
26 83.0 7^.2 61.2 62.8 281.2 
27 99.6 74.7 65.6 64.6 304.5 
28 91.4 75.9 66.5 65.2 299.0 
TOTAIS 2675.2 2160.8 2093.2 1931.6 8860.8 
AVERAGE 95.5 77.2 74.8 69.0 
* Sample groups composed of 10 individual penetration measureisents. 
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Appendix VII. Soil Moistxire Content in Percent (Oven-dry Basis) at 
Various Intervals in the Profile, 1960-61. 
I960 1961 
4/9 4/26 5/11 6/9 7/17 9/1 4/10 5/8 6/14 7/19 
Excellent 
0-2 37.6 
2-4 
4-6 34.4 
6-8 
8-12 26.4 
12-16 24.3 
16-20 22.3 
20-24 
24-28 
0-2 35.3 
2-4 
4-6 32.2 
6-8 
8-12 26.1 
12-16 23.0 
16-20 17.6 
20-24 
24-28 
0-2 28.5 
2-4 
4-6 25.5 
6-8 
8-12 21.8 
12-16 17.6 
16-20 15.2 
20-24 
24-28 
37.7 27.4 10.8 
32.0 25.4 14.4 
28.4 26.8 15*9 
24.3 21.6 14.9 
21.8 21.2 16.0 
18.8 19.4 15.3 
15.5 13.2 13.7 
12.2 9.9 11.2 
12.2 9.4 10.1 
25.0 21.2 5-7 
23.9 21.7 11.5 
23.4 19.3 11.9 
20.8 18.2 12.0 
16.5 16.1 13.4 
12.8 12.3 12.3 
10.1 11.8 9.5 
9.5 9.7 8.9 
8.2 9.6 8.1 
22.3 19.3 5.7 
21.8 21.0 11.5 
18.8 18.7 11.8 
18.9 16.6 12.9 
15.3 16.9 13.2 
12.5 13.1 10.9 
10.2 11.1 9.7 
8.4 8.9 8.5 
8.0 8.4 8.2 
13.1 14.8 21.8 
8.7 16.2 19.0 
9.0 14.5 18.7 
8.2 9.8 18.1 
10.6 8.9 15.1 
10.4 8.5 8.8 
9.1 7.8 5.4 
8.9 7.6 4.0 
7.4 7.2 3-7 
Fair 
12.1 11.1 17.9 
7.2 11.9 18.9 
7.̂  I0.5 16.7 
7.2 8.5 17.0 
8.7 7.9 13.0 
7.5 6.7 11.8 
6.6 5.3 8.9 
5.6 5-1 7.1 
5.7 4.7 6.5 
Poor 
10.7 12.4 19.3 
7.0 13.5 20.9 
8.1 11.4 18.9 
8.3 8.7 17.6 
8.2 7.6 17.1 
7.5 8.8 13.3 
6.9 7.1 10.9 
6.8 5.8 8.6 
6.7 5.6 7.0 
26.5 15.5 3-4 
24.0 15.5 8.2 
21.6 15.9 7.9 
19.9 13.9 9.3 
18.T" 14.6 10.7 
12.4 17.O 11.4 
7.2 15.O 11.2 
6.0 12.7 8.0 
6.3 10.8 8.5 
27.4 16.6 4.9 
29.3 15.0 8.0 
26.7 14.5 7.3 
23.9 13.4 7.5 
19.9 13.5 8.6 
16.6 14.7 9.0 
15.1 11.1 6.4 
10.2 11.3 5.5 
9.4 10.5 5.2 
27.2. 13.1 3.3 
30.1 12.8 8.2 
30.2 12.9 8.2 
23.3 12.8 9-1 
19.0 12.0 8.8 
16.5 13.1 7.8 
15.5 6.9 8.1 
12.5 5.0 7.6 
11.1 5.6 7.1 
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Appendix VIII. Effects of Grazing on the Soil Organic Matter Contents-
Excellent Fair Poor 
Horizon 0-2" 2-4" 0-2" 2-4" 0-2" 2-4" 
Sample $ * i * i 
1 8.222 7-39 6.46 3.46 8.69 5.72 
2 8.55 6.67 7.48 4.59 7.15 4.47 
3 7.04 6.91 6.57 4.65 6.51 5.06 
4 6.98 6.49 6.39 5.78 6.39 5.60 
5 6.92 6.37 7.22 6.43 7.28 6.43 
6 6.51 5-30 6.63 5.48 7.22 6.91 
7 5.30 5.78 6.43 6.08 5.42 6.73 
8 5-90 7.57 6.79 7-33 5.90 6.31 
TOTAL 55.42 52.48 53-97 43.80 54.56 47.23 
AVERAGE 6.93 6.56 6.75 5.48 6.82 5.90 
iQrganic carbon x 1.72 - $ organic matter by Walkely-Black method. 
2Each sample was duplicated in the laboratory. 
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Appendix IX. Effect of Grazing on Soil Reaction 
Excellent Fair Poor 
Horizon 0-2" 2-4" 0-2" 2-4" 0-2" 2-4" 
Sample 
1 7.231 7.53 7.27 7.18 7.18 7.65 
2 7.45 7.76 7-19 7.60 7.70 8.2 6 
3 7.25 7-31 7.02 7.35 7-23 7-44 
4 6.80 7-13 7.18 7.82 7.43 7.76 
5 6.82 7.65 7.35 7.90 7-14 8.03 
6 7.14 7-29 7.36 6.89 6.97 7-20 
7 7.00 7.07 7.03 6.43 7-39 7-35 
8 7.02 7.20 6.89 7.21 7-41 7-53 
TOTAL 56.71 58.94 57.29 58.38 58.45 61.22 
AVERAGE 7-09 7-37 7.16 7-30 7-31 7.65 
•4sach sample was duplicated in the laboratory. The last digit was 
estimated on the pH meter. 
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Appendix X. Effect of Grazing on the Total Nitrogen Content of the Soil 
in the 0-2" Horizon. 
Sample Excellent 
$ 
Fair 
% 
Poor 
$ 
1 • 3T1 • 37 • 49 
2 .43 .43 • 37 
3 .44 .45 .41 
4 .44 • 34 • 45 
5 • 37 • 35 .43 
6 .42 .47 .44 
7 .46 .38 • 35 
8 .44 .37 • 31 
9 .44 .38 .46 
10 .41 
AVERAGE .42 .40 .41 
^Duplicated in laboratory. 
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Appendix XI. Effect of Grazing on the Available Phosphorus of the Soil 
in the 0-2" Horizon. 
Sample Excellent Fair Poor 
ppm ppm ppm 
1 18.21 16.8 11.2 
2 16.8 11.2 7.0 
3 11.2 23.8 12.6 
4 11.2 14.0 11.2 
5  8.4 16.8 12.6 
6 14.0 15.4 11.2 
7 10.5 11.2 7.0 
8 14.0 14.0 12.6 
9 12.6 11.2 11.2 
10 8.4 12.6 11.2 
12.5 14.7 10.8 
-'-Duplicated in laboratory. 
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Appendix XII. Effect of Grazing on the Exchangeable Sodium in the Soil 
M.E.Q. Na/l00g. Soil 
Horizon 
Sample 
1 
2 
3 
4 
5 
6 
7 
8 
TOTAL 
AVERAGE 
Excellent 
0-2" 2-4" 
Fair 
0-2" 2-4" 
Poor 
0-2" 2-k" 
.13 
. I k  
.19 
.10 
.08 
.08 
. I k  
.09 
• 95 
.12 
.14 
.11 
.10 
.14 
.14 
.17 
.16 
• 15 
1.11 
.14 
.14 
.17 
.12 
.14 
.11 
.16 
.13 
• 17 
1.14 
.14 
• 09 
.15 
.12 
• 15 
.11 
.15 
• 15 
.14 
1.06 
.13 
.11 
.10 
.13 
.13 
.14 
.09 
.13 
.13 
• 96 
.12 
• 17 
.11 
.10 
.12 
.11 
.09 
.19 
.14 
1.03 
.13 
lEaeh sample duplicated in laboratory. 
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Appendix XIII. Effect of Grazing on the Exchangeable Potassium in the 
Soil 
M.E.Q. K/lOOg. Soil 
Excellent Fair Poor 
Horizon 0-2" 2-4" 0-2" 2-4" 0-2" 2-4" 
Sample 
1 8.081 3-41 6.03 6-57 8.49 3.36 
2 7-34 2.38 9-37 5-15 7.87 3.87 
3 7.61 6.35 6.53 4.25 5.45 3.61 
4 4.59 6.38 7-18 4.02 7.79 3.45 
5 5.63 4.73 8.47 4.64 6.69 4.4l 
6 4.77 2.95 9-41 5.52 6.48 3.90 
7 7.14 3-18 9-57 7-45 4.43 2.22 
8 5-21 4.18 6.15 6.05 5.31 2.44 
TOTAL 50.97 33.56 62.71 43.65 52.51 27.26 
AVERAGE 6.37 4.20 7.84 5.46 6.56 3.4l 
•^-Each sample duplicated in the laboratory. 
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Appendix XIV. Effect of Grazing on the Infiltration Bate of Water Into 
the Soil, September, i960. 
Excellent 
Application 1 2 3 4 5 6 
Plot Minutes 
1 11 16 17 15 15 16 
2 5 13 13 15 14 16 
3 8 14 16 15 15 16 
4 5 10 13 14 13 13 
5 8 13 13 12 13 13 
6 6 13 14 15 16 16 
7 7 14 15 15 16 15 
8 7 13 15 16 17 18 
9 11 l6 17 19 20 22 
10 5 12 14 15 15 16 
TOTALS 73 134 147 151 154 l6l 
AVERAGE 7.3 13-4 14.7 15.1 15.4 16.1 
Fair 
Application 
Plot 
1 2 3 4 5 6 
Minutes 
1 21 31 30 30 32 31 
2 19 26 25 26 28 28 
3 19 28 30 27 28 28 
4 17 28 29 29 28 29 
5 12 20 21 24 24 24 
6 11 22 19 22 23 24 
7 14 24 26 27 27 27 
8 17 27 28 32 30 31 
9 17 26 24 27 28 26 
10 15 29 30 31 30 31 
TOTAIS 162 261 262 275 27S 279 
AVERAGE 16.2 26.1 26.2 27.5 27.8 27.9 
Poor 
Application 
Plot 
1 2 3 4 5 6 
Minutes 
1 12 19 21 22 25 27 
2 12 18 21 19 23 23 
3 18 25 25 26 33 34 
4 28 38 4l 44 42 44 
5 20 27 29 31 32 34 
6 20 29 29 28 26 24 
7 16 23 23 24 24 23 
8 32 36 33 33 32 29 
9 26 31 32 32 29 30 
10 36 45 40 43 42 41 
TOTALS 220 291 294 302 308 309 
AVERAGE 22.0 29.1 29.4 30.2 30.8 30.9 
